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On April 6-8, 2008 a workshop was held in Research Triangle Park, North Carolina 
entitled “Healthcare Engineering and Health Services Research: Building Bridges, Breaking 
Barriers.”  The workshop organizers were North Carolina State University, North Carolina A & T 
State University, and the Cecil G. Sheps Center for Health Services Research at the University of 
North Carolina at Chapel Hill.  This conference is also the First Annual Symposium sponsored by 
the Healthcare Engineering Alliance (HEA), whose members are Purdue University, University of 
South Florida, University of Arkansas, North Carolina State University and North Carolina A & T 
State University.  The workshop was attended by about 150 people from the healthcare systems 
engineering (HSE) and health services research (HSR) communities from both the local area and 
nationally. 
 The two day symposium was launched with presentations by outstanding members of the 
healthcare systems engineering and health services research communities as well as 
representatives of the Veteran’s Administration (VA), the Agency for Healthcare Research and 
Quality (AHRQ), and the National Science Foundation (NSF).  During the workshop, 
presentations encompassed the quality imperative, the effectiveness and efficiency of health care 
delivery, promoting access, and improving operations.   Additional lunch and dinner talks focused 
on the challenges of how to enhance collaboration between the communities, and how to enhance 
their contribution to improving healthcare delivery. The formal structure of the conference 
program supported interaction among participants and provided valuable networking 
opportunities.  Each talk was assigned a discussant who commented upon the talk, creating 
opportunities for questions and answers.  Presenters and discussants were selected from HSE and 
HSR to encourage contrasting viewpoints.  
 The general conclusions of the symposium address four fundamental questions.  The first 
is what do HSE and HSR have in common?  Clearly both groups have a shared understanding of 
problems, shared common intellectual assets, shared beliefs in data-driven analysis and decisions, 
and complementary research methods and tools.  In particular, both communities share the goal of 
helping to achieve a safe, accessible, efficient, patient-centric healthcare system. 
 The second question is what can HSE learn from HSR?  Responses include the 
recognition that HSR is inherently multi-disciplinary, that health care goals are multi-
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dimensional, that data is critical to understanding health care, clinical trials are critical, and in 
order to have impact scholarship must address many communities and stakeholders. 
 The third, and possibly the most important, question addressed at the symposium was 
what can HSR learn from HSE?  More generally, how can HSE contribute to the transformation 
of health care?  The most important contribution of HSE is its intrinsic “systems” perspective, 
with a focus on understanding the operation of large, complex systems in terms of the interactions 
between their components. In the domain of healthcare delivery, this approach leads to the 
concept of the care cycle, the set of all preventive and therapeutic care episodes a patient 
undergoes for a specific condition over time, as the basic unit of analysis. By their nature, care 
cycles are large, complex, and subject to many different kinds of uncertainties.  The methods of 
HSE provide the HSR community with means to represent uncertainty and to optimize care 
cycles, instead of focusing on individual care episodes. The traditional application areas of HSE 
such as operations analysis and management can contribute to improved health care delivery 
without radical changes to current policy or health care organizations. However, the HSE focus 
on supporting decision making and decision makers with data-driven, testable models and 
analysis at the care cycle level emphasizes the need for change agents at the regional and national 
levels.  
 The fourth question addressed how the Veteran’s Administration healthcare system (or 
any health care system) can take the lead in making HSE an active contributor to the HSR 
community.  Because the VA is a unique, self-contained, government sponsored system, it 
provides an ideal environment for HSE researchers to collaborate with HSR in analyzing entire 
care cycles for broad populations. This arrangement would allow both communities to jointly 
demonstrate the value of analysis at the care cycle level, which is a prerequisite for its broader 
adoption at the national level.  
 Finally, based on general sentiment of the conference attendees through presentation, 
discussant commentary, and information conversations, several recommendations are made to the 
National Science Foundation (NSF) that will incorporate healthcare engineering and its mission 
into the engineering profession.  The recommendations are: 
 
Recommendation #1:  The National Science Foundation (NSF) should adopt the application of 
science and engineering to improving the healthcare delivery system as one of its missions, 
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representing and supporting the engineering community in its efforts to contribute to what is 
possibly the most important societal problem of our time.   
 
Recommendation #2: NSF should create interdisciplinary engineering and science initiatives 
that complement current “translational research programs” in the NIH and “evidence-based 
programs” in AHRQ. 
 
Recommendation #3: NSF should encourage doctoral students, post-doctoral students, and 
junior faculty to take up careers in this area by providing Graduate Fellowships and early career 
funding. 
 
Recommendation #4: NSF should direct substantial research in the behavioral sciences towards 
understanding the problems of effective collaboration between scientific, engineering, clinical 
and health services disciplines. 
 
Recommendation #5:  NSF should reach out to other government agencies such as the Veteran’s 
Administration (VA), the Department of Defense, and the National Institutes of Health to establish 
a long-term, interdisciplinary funding program directed explicitly at the healthcare delivery 
system.   
 
Recommendation #6:  NSF should provide funding opportunities for engineering schools to 
develop long-term collaborative relationships with academic medical centers (such as the 
Veteran’s Administration) to form a living laboratory for the multidisciplinary study of problems 
of importance to national health policy that extend systems engineering methodology.  
 
Recommendation #7:  As part of its funding opportunities NSF should encourage the study of 
international health systems and collaboration with international investigators to develop sound 







 Few would dispute that the rapidly escalating cost of health care is one of the most 
pressing issues facing our nation today. Even a cursory review of the media reveals intense public 
concern over a healthcare system that can use the most advanced technology to miraculous 
therapeutic effect, but whose emergent behavior is far from ideal. A number of observations 
suffice to make the point:  
(1) The cost of healthcare is more than 15% of the U. S. economy - these costs are 
growing at more than three times the rate of inflation;  
(2) Tens of thousands of Americans die and many more are harmed each year by 
disjointed, malfunctioning healthcare processes;  
(3) Waste accounts for perhaps as much as 40% of healthcare costs;  
(4) 46 million citizens lack access to basic care;  
(5) Fragmentation limits performance; and   
(6) The healthcare delivery system is complex to the point of straining human 
comprehension. 
Rapidly rising healthcare costs threaten the competitiveness of U. S. manufacturing and service 
companies in the global economy, creating intense pressure to move offshore. Indeed one can 
make the case that the best way to help competitiveness prospects for U.S. industries as a whole is 
to improve healthcare delivery. 
The joint National Academy of Engineering/Institute of Medicine (NAE/IOM)1 report 
“Building a Better Healthcare System” makes a compelling, thoroughly documented case for 
deploying engineering methodology and research in partnership with the health care provider 
community to improve the delivery of health care. It calls for the establishment of thirty research 
centers around the country to realize this vision of the engineering profession as an active partner 
in addressing this burning national issue. While engineers have been actively involved in health 
care delivery for many years, especially in the development of key technologies in areas such as 
                                                 
1 Reid, P. P., Compton, W. D., Grossman, J. H., Fanjiang, G.,(eds.), Building a Better Delivery 





imaging, biomedical devices, and information technology, their contributions to the delivery of 
health care have been much more limited.  While many leading hospitals introduced industrial or 
management engineering groups to improve their operations, these groups were largely phased 
out over the last two decades due to rising cost pressures and administrative complexity. However 
the impact of rising health care costs on the U. S. economy is creating a turning point where 
health care provider incentives are aligning with the need for cost reduction.  The time is ripe for 
the body of engineering knowledge on designing, modeling, and controlling complex systems to 
be applied to health care delivery. Currently this is being done mostly by individual researchers 
or, at best, small, largely disconnected research groups. 
The field of health services research has developed a large following and a substantial 
body of knowledge, based mostly in medical, public health and health policy programs. This 
discipline has focused on issues associated with the equitable and effective delivery of healthcare 
services. The basic paradigm has been the use of statistical techniques, with the randomized 
clinical trial forming the main basis for progress. This familiarity with the use of quantitative 
models to analyze questions related to health care delivery makes the health services research 
community well suited as an anchor point for collaboration with systems engineers.  The use of 
mathematical and statistical modeling as a predictive tool to support the design of more effective 
clinical trials, or in some cases even to obviate the need for them, is at extremely early stage. In 
contrast, the use of advanced models and computational techniques to solve them for optimal 
policies or resource allocations, the stock in trade of the HSE community, has been common in 
industrial/systems engineering and operations research for decades. The development, 
implementation and transfer into clinical practice of data-driven models to support decisions at 
different levels of patient care is an area in which industrial and systems engineers and operations 




The discussion above shows a clear need to bring together health services researchers and 
healthcare systems engineers for them to become familiar with each other’s work, and to discuss 
how more effective collaboration can be built. The Research Triangle area of North Carolina, 
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comprising the cities of Durham, Chapel Hill and Raleigh, is an ideal location for several reasons. 
It is home to two major medical schools, at Duke University and the University of North Carolina 
at Chapel Hill; major health services research efforts in the School of Health Policy and 
Administration at UNC, the Cecil G. Sheps Center for Health Services Research at UNC; the 
Center for Clinical Policy Research at Duke University; the Veterans Administration Center for 
Health Services Research in Primary Care, located at Duke University; a number of large acute-
care hospitals, including WakeMed, the Duke Health network, and the Moses Cone Health 
Systems. It is also home to North Carolina State University and North Carolina State A&T 
University, North Carolina’s primary engineering programs, and the two main industrial and 
systems engineering programs in the state.  
Having a large, well-recognized local HSR community is important since many such 
people are unlikely to travel to attend a workshop they may perceive to be outside their immediate 
interest, but may be more willing to come if it is in their immediate area. The importance of these 
groups being nationally recognized is that this enhanced our ability to attract other HSR 
researchers from around the country, and to disseminate the results of the discussions to the 
national health services community. Indeed, the efforts of our HSR collaborators were 
instrumental in bringing to the symposium a number of HSR colleagues from around the country, 
as well as a number of prominent speakers who greatly enhanced the quality of the symposium.  
On the HSE side, the core group invited was drawn from the members of the Healthcare 
Engineering Alliance (HEA). This is a group is composed of North Carolina State University, 
Purdue University, the University of Arkansas, the University of South Florida and North 
Carolina State A&T University whose mission is to develop collaborative research and education 
programs in healthcare engineering among both the member engineering schools and their various 
partners in the health care delivery sector. This alliance had already held two workshops among 
its own members - one at Purdue University in July 2007, another at the University of South 
Florida in October 2007. The Alliance gives its member institutions access to a truly national 
network of engineering and health service researchers across four states, incorporating a number 
of different initiatives in healthcare engineering. These include the Regenstrief Center for 
Healthcare Engineering at Purdue University; the Cancer Care Engineering Center at Purdue 
University; and the Center for Improvement in Healthcare Logistics at the University of 
Arkansas.      
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While a number of related workshops have been held with National Science Foundation 
(NSF) support in recent years, none have directly addressed the theme of this workshop, that of 
bringing together the healthcare engineering and health services research communities. The most 
closely related is the Health Systems Engineering Workshop organized by Prof. Ronald Rardin at 
the NSF Headquarters on June 15-16, 2006. The agenda of this meeting was closely aligned with 
the interests of the health systems engineering community, with limited health services 
participation.  A number of other recent workshops, such as the NIBIB/NHLBI/NSF Workshop 
on Improving Health Care Accessibility through Point of Care Technologies (April 11-12, 2006), 
or the NCI-NSF Workshop on Operations Research Applied to Radiation Therapy (February 7-9, 
2002), have focused on specific areas of engineering technology addressing health care needs. 
These have generally not considered the broad system-level issues that are the domain of health 
services research and which were the focus of this workshop, in order to promote the effective 
collaboration between researchers in health services and healthcare engineering that is critical to 
implementing the NAE/IOM Report’s recommendations. 
 The organizing committee was co-chaired by Professors Stephen Roberts and Reha Uzsoy 
of North Carolina State University, representing the HEA, and Dr. Tim Carey of the Sheps Center 
for Health Services Research at the University of North Carolina along with Professor Paul 
Stanfield of North Carolina A & T State University. Assisting with the local organization were 
Professors Brian Denton and Julie Ivy of the NC State Edward P. Fitts Department of Industrial 
and Systems.  Help was also solicited from engineering faculty associated with the HEA 
members, and health services researchers among our partners named above. 
Organization of the Symposium 
 
The Symposium was organized over three days (an evening, one full day, and one half day).  The 
first evening was a “Pig Pickin’” social event at the NC State campus.  Busses brought 
participants to and from the campus.  All other workshop activities took place at the hotel. A 
single track organization was used to ensure that all attendees could attend all talks, with the 
intent of promoting discussion among attendees.  
  Each  session lasted 90 minutes, with three 30 minute slots devoted to the speaker, the 
discussant, and questions/answers from the audience. The speaker  presented the assigned topic 
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during the first 20 minutes allocated. The discussant then had 5 minutes to expound on the topic, 
in some case with previously formulated remarks, but in most cases responding to the 
presentation. Each session was assigned a moderator to keep the events in the session on time.  
Session Content 
The Symposium’s sessions were organized about basic health care themes and methods. 
The Final Program for the Symposium is contained in Appendix A.  Presentation materials for the 
great majority of the speakers are contained in Appendix B.   
The first day was inaugurated by a welcome by the conference organizers, a brief 
description of the Health Care Engineering Alliance (HEA) and a welcome by the Dean of the 
College of Engineering at North Carolina State University.  The first session of the day was aimed 
at introducing the audience to the two fields through tutorials by leaders in each.  The HSE 
perspective was presented by Professor W. Dale Compton, a Distinguished Professor Emeritus of 
Industrial Engineering at Purdue University, Secretary of the National Academy of Engineering 
(NAE) and a primary author of the NAE/IOM report cited earlier.  In the HSR area, we were 
fortunate to have Dr. Eugene Oddone, Vice-Dean of Research at Duke School of Medicine and 
Director of the Center for Health Services Research at Durham VA.  These overviews motivated a 
number of questions from the audience and provided a clear picture of the two disciplines, 
The second session of the morning featured speakers from three of the most important 
national organizations for Healthcare Engineering and Health Services Research: the Veteran’s 
Administration (VA), represented by its Director of Health Services Research and Development, 
Dr. Seth Eisen;  the Agency for Healthcare Research and Quality (AHRQ),  represented by their 
Director of Health Information Technology, Dr. Jon White; and the National Science Foundation 
(NSF), represented by Dr. Cerry Klein, Director of the Service Enterprise Engineering Program. 
These presentations supported the meeting mission by noting what these organizations are doing 
to promote the “interface” of HSE and HSR.  
The “working lunch” focused on “The Quality Perspective“, an issue common to 
healthcare engineers and health services researchers.  Professor James Benneyan, Director of the 
Quality and Productivity Laboratory at Northeastern University presented an excellent overview 
of the area that led to a lively discussion with the audience. 
The afternoon session of the first day and the morning sessions of the second day were 
composed of talks on specific topics thought to be important both in healthcare engineering and 
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health services research.  Each of these talks had “discussants” that could comment on the talk 
and bring other perspectives to the topic.  Generally the discussants stimulated questions from the 
audience.  The program tried to achieve a balance between the different disciplines among the 
speakers and the discussants, as well as between local and national speakers/discussants.  Details 
of specific talks can be found in the program in Appendix B. 
 The evening dinner on April 7 provided an opportunity to hear from a distinguished 
healthcare engineer, Dr. Vinod Sahney, a member of both the National Academy of Engineering 
and the Institute of Medicine, and a long-time contributor to the healthcare engineering discipline.  
He focused on the challenges faced by both HSE and HSR in making a difference to health care 
delivery, and pointed out that uniform application of best-known practices would yield significant 
improvements in the national healthcare delivery performance. He cautioned, however, that 
incentives for accepting the status quo are strong and those for a radical transformation of the 
current system of care are limited. 
 The morning of April 8, 2008 was devoted to two very important topics: promoting access 
and improving operations.  The “access” theme is often referred to in health services as one of the 
three principal attributes of health care delivery, along with cost and quality.  Yet it is one of the 
most complex, incorporating not just care capacities but also geography, sociology, and culture 
along with disparities and diversity in health care.  In order to represent as many different 
perspectives as possible, the access theme was addressed by a panel of participants in addition to 
individual speakers. 
 The second morning session of April 9, 2008 was devoted to improving operations, 
concentrating on the activities of organized health institutions like hospitals, nursing homes, 
rehabilitation centers, etc.  Two themes were persistent.  One addressed the methods for 
identifying and solving operational problems through “lean” and “six-sigma” techniques that 
emphasize data collection and team problem-solving.  The second approach was the use of 
techniques employed by Industrial Engineers and Operations Researchers in addressing specific 
problems related to the delivery of health care, especially logistical support like infrastructure and 
operations scheduling.  
The concluding “wrap-up” was offered by Professor Steve Witz, Director of Purdue 
University’s Regenstrief Center for Healthcare Engineering.  He not only summarized several 
salient points relative to the interface of Healthcare Engineering and Health Services Research, 
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but also offered several challenges to both communities.  We will incorporate some of his 
remarks later in this report relative to conclusions.   
Overall, the symposium occupied one and one-half very full days.  Judging by the 
liveliness of the question and answer sessions, and the difficulty encountered by the moderators in 
bringing the discussions to a timely close, the program succeeded in generating the discussions 
which were its primary objective. 
Poster Presentations 
 Break times (10:00am – 10:30am on April 8 and April 9 and 3:30pm – 4:00pm on April 8, 
as well as times before and after lunch and dinner, and before the beginning of each day) were 
scheduled so that attendees could break briefly from the more formal presentation format.  
Refreshments were served during the session breaks to encourage more social interaction.  
The break times during the conference afforded attendees the opportunities to view and 
discuss the research posters offered by students from various universities.  Having the posters 
displayed in a separate room adjacent to the main symposium room encouraged attendees to 
interact with the students and, of course, gave the students a chance to learn from participants.  
Most of the students travel expenses were paid by the symposium (generally through the NSF 













































































Additional information on the poster presentations, including abstracts, is found in Appendix C. 
Attendance at the Conference 
 We made a special effort to promote attendance by students and young researchers at early 
stages of their careers in engineering and health services by offering to pay their travel expense. 
The announcement was also sent to the Industrial Engineering (IE) faculty list server, which 
reached most IE faculty in the country.  It was also sent to the membership of the INFORMS 
Health Applications section. 
 There was no charge for the registration, but registration was required for attendance (we 
needed to know who was going to attend, so we could plan for food, refreshments, and space).  
Fortunately our space was somewhat flexible. We estimated about 150 registrations and actually 
received 154 registrants.  We don’t have an exact count, but we estimate the maximum attendance 
at about 145, which varied from a low of about 95. 
 A listing of registrants and their Email addresses is found in Appendix D.  However the 
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Money from these sponsors paid for facilities and equipment rental, meals, refreshments, travel 
expenses, attendee gifts (ink pens, notepads, tote bags, portfolios, USB drive), symposium 
organization/management, and advertising/printed materials.  Travel expenses for students and a 
few speakers, facilities and equipment rental, and some faculty time were largely paid from NSF 
funds.  The other items were paid from the cash contributions of the other sponsors. 
 
Summary Conclusions from the Symposium 
As expected the symposium touched on many subjects and given the authority of the 
presenters, revealed many good ideas and observations.  It is impossible to do justice to these 
authors, with their wide range of disciplinary backgrounds, experience and perspectives, in a 
necessarily brief set of summary conclusions. Consequently we have gleaned what we think are 
some of the most important conclusions to draw from the presentations.  Obviously, these 
represent our personal viewpoints, but we have tried to express what we felt were widely, if not 
unanimously, held viewpoints from the conference.  We have chosen to organize our summary 
conclusions around the following questions, similar to the form of the concluding presentation by 
Prof. Steve Witz of Purdue: 
1. What do healthcare engineering and health services research have in common? 
2. What can healthcare engineering learn from health services research? 
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3. What can health services research learn from healthcare engineering? 
4. Why is the VA so important to healthcare engineering? 
 
What do healthcare engineering and health services research have in common? 
In his closing remarks, Professor Witz noted that Healthcare Engineering and Health Services 
Research have much in common: 
• A shared understanding of problems with the current health care system including: 
disparity of services to the medically indigent, need for improved service distribution, 
need for improved quality, need to eliminate inefficiency, recognition of the fragmented 
health care delivery system, lack of appropriate financing, need for improved prevention, 
lack of cost containment, and better organization of services. 
• Shared common assets with unparalleled depth of expertise 
• A shared belief in data-based analysis and decisions 
• Potential to share complementary research methodologies including identification and 
validation of issues of importance, integration of multiple variables into system analyses, 
clinical trials and hypothesis testing, and modeling. 
There is also broad agreement on goals.  The NSF/IOM study lists as the achievement of a safe, 
effective, patient-centered, timely, efficient, and equitable healthcare delivery system as the 
objectives of HSE research.  These goals are shared by health services researchers who cite 
access, quality, and cost as their primary concerns.  Of special interest was the Tuesday morning 
session on “Promoting Access” which consisted of a Panel on Access and Disparities, a 
presentation by Jeffrey Spade of the North Carolina Hospital Association on access to healthcare 
in rural areas, followed by a discussion by Mark Lawley of Purdue University of actual patient 
scheduling.  These discussions ranged from the broad issues of making health care available to 
creating a way to bring patients into facilities through scheduling.  Disparities in health care 
represent a complex of issues, which should be understood and addressed by healthcare engineers. 
 
What can healthcare engineering learn from health services research? 
Although the excitement in healthcare engineering appears as a new phenomenon, the field has 
been evolving for some time.  There appear to be some clear imperatives for healthcare systems 
engineering that arise from health services research: 
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• Health services are inherently multi-disciplinary.  Most health services research 
programs are multi-disciplinary.  The Cecil G. Sheps Center for Health Services 
Research, co-sponsor of this symposium, is an excellent example, including providers 
(physicians, nurses, therapists, technicians, etc.) as wells as researchers with backgrounds 
in statistics, epidemiology, sociology, psychology, economics, geography, anthropology, 
health policy and administration, just to name a few.  Most effective health services 
research projects employ a multi-disciplinary team, not just providers or social scientists. 
Engineers can take their place on these teams and make valuable contributions, but they 
will need to learn how to work effectively on teams whose “science” base is different 
from their own (such as in the social sciences). 
• Health care goals are multi-dimensional. Health services research often addresses 
several dimensions of health care such as access, quality, and cost; engineers too often 
focus on only one of these dimensions.  In order to contribute to healthcare delivery, 
engineers will need to become more comfortable with multicriteria decision problems 
under uncertainty, which is an active research area with considerable history, but 
definitely not part of every engineer’s day to day toolkit.  For example, determining 
value for cost is not a single dimensional problem or method. This is an excellent 
illustration of how work in healthcare delivery can motivate the development of new 
engineering methodologies, and broadens the skills of engineers. 
• Data is critical to understanding health care.  Health services research recognizes the 
central role of data and most HSR programs “warehouse” data.  For example, the Sheps 
Centers maintains data bases from Medicare, Medicaid, and some public 
insurance/finance programs.  They are also active in the design and maintenance of 
administrative and clinical data bases for the various hospitals, clinics, and centers within 
the University of North Carolina medical system.  Their faculty and staff regularly 
interrogate national data bases maintained by the Center for Medicare and Medicaid 
Services, the National Center for Health Statistics, and various data warehousing groups 
in the National Institutes for Health.  Engineering rarely attempts to house and maintain 
data bases.  Engineers must use data in model-building and for analytics, but rarely 
contribute to medical informatics.  Clearly the engineering community will have to give 
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greater attention to the sources of data and methodologies for compiling and integrating 
data in order to contribute effectively to healthcare delivery. 
• The central role of the clinical trial.  Perhaps the most important means of discovery and 
“proof” in health services research is the clinical trial, an experiment which has a clearly 
stated hypothesis and whose results will be statistically examined.  This experiment will 
be an actual trial of the innovative or belief, tested with real patients in a real health 
system.  If properly executed, the result of a clinical trial creates conclusive findings.  So 
important are clinical trials that they are often repeated in order to confirm findings.  The 
results of a well developed clinical trial changes the way health care is delivered and 
sends a powerful message to the stakeholders in the health care community. Engineers 
need to understand the issues in the design and implementation of clinical trials, and 
direct their efforts to complement and support their effective implementation. 
• Scholarship needs to be disseminated to a broad range of interested disciplines.  Health 
services research is published both within and outside the health services research 
community.  For example, within the community are journals such as Health Services 
Research, Medical Care, Medical Decision Making, American Journal of Public Health, 
and Health Economics.  However health services research is found in virtually every 
health and medical disciplinary journal.  It is this willingness to publish “outside” the 
academic discipline that makes health services research quite different from engineering.  
Engineers typically publish in “engineering” journals and are academically encouraged to 
maintain a strong disciplinary presence.  It will be important that healthcare engineering 
research appear in a variety of health care journals if the discipline is to become widely 
recognized and if it is to influence health care. 
 
What can health services research learn from healthcare engineering?  
In considering this question, the issue of “hubris” was raised by one of the speakers, 
suggesting that that engineering needs to “earn” a role in health care research.  There can be no 
argument that the engineer’s role in medical technology development has been critical and 
continues to be so, with the advent of better imaging, nano-technology, and computing.  
Biomedical engineering in devices and equipment is a source of innovation and better adaptation 
for human use such as biomaterials and in rehabilitation.  However the issue is whether 
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engineering can contribute to the discussion of health care delivery and, if so, how?  It was the 
position of almost all the presenters in this conference that healthcare engineering could 
contribute in several important ways, including: 
• The “systems” perspective or “care cycle”.  Peter Fabri of the University of South 







Most health care perspectives are at level 2, the episode of care, or level 3, the individual 
intervention.  Some care perspectives are even focused on aspects within an individual 
intervention, such as the function of an individual nurse or doctor.  Systems engineers would 
advocate a “care cycle” perspective, from the “onset” to the “resolution”.  At this level, “onset” 
should be the consideration of the conditions of onset (etiology) as well as the onset itself.  
Analysis should include all episodes and interventions.  The point of this systems perspective is 
that “care” can be limited as in the case of a episodic illness, but is often continuous, as in the 
case of a “chronic” illness, lasting even until death. It is important to note that an increasing 
portion of the U. S. expenditure on health care is due to chronic diseases, underlining the 
importance of the care cycle perspective to the national wellbeing. 
• Care cycle models provide augmented insight.  Numerous presenters, especially those on 
Monday afternoon, demonstrated that mathematical, statistical, and computer models can 
generate insights and information not obtainable from clinical trials.  This model-based 
method may be the greatest contribution provided by the healthcare systems engineering 
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community.  In his presentation, José Zayas-Castro of the University of South Florida 
offered the following interpretation:  
 
Here “modeling” is the output of the basic health care research and leads to improved 
health care, which, in turn, causes new problems to be identified and eventually become 
the subject of research. 
• Healthcare engineering methods.  In her presentation at the Symposium, Anita Brogan of 
the Research Triangle Institute described healthcare engineering in their firm as 
involving (1) Operations Research/Industrial Engineering, (2) Public Health/Health 
Services Research/ Medicine, and (3) Economics.  A major means of evaluation is cost-
effectiveness models, which are certainly not exclusive to healthcare engineering.  
However these models incorporate decision analysis, regression, Bayesian analysis, 
and/or life-table analysis, which are techniques more closely associated with healthcare 
engineering.  Julie Ivy of NC State, offered the following list of modeling tools: (1) 
stochastic modeling, (2) Markov Decision Processes (MDP), (3) Partially observable 
(hidden) MDP, and (4) optimization as ways to handle decision making under conditions 
of uncertainty.  It is clear that uncertainty describes many of the problems in health care, 
related to the disease and to the care delivery process.  Means to simulate and to optimize 
systems under uncertainty play a prominent role in healthcare methods. 
• Decision Making and Decision Makers.  One of the features that distinguish healthcare 
systems engineering is the emphasis on decisions and decision-making.  The implication 











decision-maker.  But who are the decision makers in health care delivery?  The 
presentation by Julie Ivy of North Carolina State University and the discussion by 
Jennifer Wu of Duke University show that healthcare engineering models change 
depending on the decision maker.  Decision makers can be patients who desire health 
care in order to maximize their health and longevity.  Alternatively, they may be doctors 
and health care providers who give service to patients and whose income provides for 
their own families and the operation of a facility.  The managers of health care 
institutions and health care systems whose care for a wider group of patients means 
larger influence in the health care community and the opportunity to take advantage of 
economies to scale are another such constituency.  Another group of decision makers 
may be third party payers, including governmental entities, who reimburse providers and 
institutions for services rendered, but must be constrained to some “bottom line” that 
maintains the economic viability of their organization.  In his presentation, Vinod Sahney 
from Blue-Cross Blue-Shield, described the many attempts at healthcare engineering that 
were ignored simply because the “incentives” of the decision makers were not consistent 
with the goals of the healthcare engineering activity.  It is sometimes argued that the rise 
and fall of “hospital industrial engineering” can be related to the lack of adequate 
financial incentives in health care, in which reimbursement does not benefit the cost 
conscious.  It has been argued that environments that “pay for performance” or provide 
“capitation” might be more receptive. 
• Implementing Healthcare Engineering. Without question, one of the most significant 
challenges in transforming health care is the implementation of healthcare engineering.  
Few models better demonstrate the success than the presentation by Heather Woodward-
Hagg of the Indianapolis Veterans Administration, on “Creating Sustained Quality 
Improvement in Healthcare Organizations.”  She discussed the “focus on partnership 
with hospitals and healthcare providers to provide facilitation in the application of 
systems engineering methods to enable sustainable change.”  Her work represented over 
40 projects completed, 5 on-going, in 23 hospitals, and 9 hospital systems.  Her results 
are astounding in that she experienced a: 80% implementation rate, 81% implemented 
projects sustained at 9-12 months, and 65% of implemented projects showed good 
spread.  She argues that there are three concepts central to system transformation: (1) 
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Integration:  training, aligning reinforcements with new behaviors, or assigning 
responsibilities, (2) Sustainability: maintaining gains in safety and quality as well as 
maintaining support for change, and (3) Spread: requires supportive infrastructure for 
sharing successful redesign experiences.  For her, the key factors were:  
o Focus on enabling the cultural transformation, rather than building technical skills 
? Simplify, Simplify, Simplify 
? Require immediate application 
? Use readily accessible materials 
? Use healthcare terms and examples rather than those from Lean 
Manufacturing 
o Facilitate through repeated applications of tools for at least 2 additional cycles 
Her work (and that of the discussant William Burton) demonstrates that change can be 
accomplished.  However, creating a culture of change requires a commitment to that 
change through interdisciplinary partnerships and doing whatever is needed (even if it 
goes beyond your disciplinary boundaries).  
• Operational Analysis and Management.  A traditional emphasis in Industrial Engineering 
has been the analysis and management of operations or processes.  In fact, the term 
“operations research” was invented to refer to the analysis of operations.  Over many 
years the study of operations has resulted in a large body of knowledge relative to 
operations and processes for many industries. Ron Rardin of the University of Arkansas 
highlighted the theme of improving healthcare supply chains and logistics, which he 
called the “back office of healthcare.” Examples included patient safety through unit-
dose medications, healthcare supply chain simplification, improvements in healthcare 
logistics, dock-to-patient hospital supply chain digitalization, procedure pack supply 
chains and customization, and logistical support of rural and home care.  He pointed out 
that many of these changes do not require transformational changes to health care and, 
while different from those encountered in other industries, the problems share many 
aspects.  Likewise, considering the cost of health care, hospitalization costs compose the 
highest single segment, and within the hospital, surgery is the highest cost unit.  
Consequently the use of surgical facilities and their related support units like PACU pose 
significant challenging problems.  Brian Denton presented a series of open problems 
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related to the design and operation of surgical care delivery systems, such as the creation 
of a new generation of reconfigurable surgical suites.  He highlighted opportunities for 
the use of stochastic optimization methods to study these problems. 
 
Why is the VA so important to Healthcare Engineering?  Presentations by Dr, Eugene Oddone 
from the Durham VA and Dr. Seth Eisen from the national VA provided numerous references to 
“systems” problems within the VA services.  It is significant that the VA is the only “self 
contained” US government health care system.  There are many private systems like Mayo 
Clinics, Kaiser-Permanente, etc. that have a panel of patients who look to that system for their 
care.  Yet probably none of these provide all the care that person obtains.  The VA system does 
serve a distinctive patient population and they have somewhat unique relationships with medical 
schools and doctors who provide much of the medical care.  Nonetheless, this system is the 
closest thing to a national health system as exists at present in the US.  As such it presents 
tremendous opportunity for healthcare engineering to develop and apply systems engineering 
technology and to demonstrate sustainable changes in an ongoing, important health care delivery 
system.   
Recommendations to the National Science Foundation (NSF)  
 
 An important objective of the Symposium was to identify roadblocks to effective 
collaboration between healthcare systems engineering (HSE) and health services researchers 
(HSR) in addressing the widely recognized problems of the U. S. healthcare sector. These 
recommendations are intended to suggest direction and content for NSF, specifically how NSF 
can help facilitate interaction between different research communities and constituents to address 
the gap between health care capability and health care delivery. 
 While the U.S. has long been a world leader in research in medical, biomedical, 
informatics, and other areas of engineering, the U. S. healthcare system is widely recognized both 
at home and abroad as delivering lower quality care at higher cost than many other developed 
countries. This suggests, quite simply, that the massive research funding directed towards 
medicine, health services, the life sciences and disciplines such as biomedical engineering has, 
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while creating an enormous base of health care knowledge, not produced the effective, efficient, 
safe healthcare delivery system the nation desires and deserves. Something is missing. 
 Our discussions at this symposium, as well as several prior studies, suggest that at least 
part of the problem is that healthcare delivery is not understood as a system. The healthcare 
delivery environment in this country has emerged over the years from the collective actions of a 
wide range of different actors: regulators, providers, institutions, insurers, pharmaceutical firms, 
employers providing healthcare benefits for their employers, and patients. While each individual 
actor is often operating at the leading edge of their particular field, the overall process of 
healthcare delivery to patients has never been considered as a whole, leading to considerable 
waste and redundancy due to poor communication, suboptimization of individual components and 
sub-processes, and incompatible incentives between the different actors. The fragmented 
industrial organization of this sector, with a vast number of different entities operating for their 
own perceived benefit, militates against any attempt to understand the overall picture and try to 
improve it, which is precisely the domain of systems engineering. The successes of the 
engineering disciplines in designing, operating and continually improving large socioeconomic 
systems such a space missions, global supply chains, and the global air traffic system suggest that 
the systems engineering community has the potential to make substantial contributions to the 
delivery of health care.  In any case, the systems viewpoint needs to be pursued. 
 There was broad consensus at the Symposium that lack of funding mechanisms was a 
major barrier to effective collaboration between healthcare systems engineering and health 
services researchers. The most natural funding agencies to support such collaborations are the 
National Science Foundation (NSF) and the National Institutes of Health (NIH). The broad charge 
in the formation of the National Science Foundation in 1950 was “"to promote the progress of 
science; to advance the national health, prosperity, and welfare; to secure the national 
defense…” (emphasis on “national health”).  NIH (National Institutes of Health) was formed with 
a narrower mission, namely “to improve the health of the people of the US”.  There are significant 
operational differences between the two agencies. NSF is an independent federal agency while 
NIH is a cabinet-level agency and therefore tends to be more influence by governmental 
directives.  NSF has two grant submission/review cycles each year, while NIH has three.  NSF 
does not typically issue Program Announcements or Requests for Applications as does NIH; NSF 
announcements tend to be restricted to broad programs.  Finally, NSF research grants primarily 
Page 26 
 
support graduate students and some summer faculty time, whereas NIH grants are much larger 
and investigators are expected to show significant effort. In 2007 the NSF budget was $6.2 
billion, dwarfed by the NIH budget at $28.6 billion. 
Despite the prominence of “health” in both their mission statements, neither agency has 
taken a leading role in supporting healthcare systems engineering. Each agency appears to 
perceive healthcare systems engineering to be more naturally part of the other’s mission. NSF has 
carefully avoided accepting any mission dealing with health.  Furthermore, some in the NIH 
community regard its mission as “health” and not “health systems engineering.”  Thus healthcare 
systems engineering is left in a no man’s land between these agencies.  It is thus little wonder that 
when the NAE/IOM report called for the creation of multidisciplinary healthcare engineering 
centers, there was little governmental response.  When another NSF-sponsored workshop held 
June 15-16, 2006 concerning “Research Agenda for Healthcare Systems Engineering” reiterated 
the need for such funding programs, there was again no response from government agencies.  
It is not surprising that no individual agency is willing to accept the healthcare engineering 
charge. Since the healthcare delivery system is so fragmented, there is no powerful, unified 
constituency for a system-wide effort to understand and rationalize healthcare delivery. There are 
many different, vocal stakeholder groups, who often engage in active lobbying efforts for their 
particular interests. The problem is highly complex and multidisciplinary in nature, rendering it 
unlikely that any individual agency or discipline can contribute a transformative solution within 
its currently defined scope of operations; a truly multidisciplinary effort commensurate with the 
national urgency of the problem would require resources beyond the means of any individual 
agency, even one as large as NIH.  
However, in this year of politics and introspection, the increasing cost of health care has 
emerged as one of the nation’s most prevalent concerns, spanning many different segments of 
society. The increasing cost of healthcare has become a burden on U.S. companies, limiting their 
ability to compete in the global economy and creating significant pressure to move jobs offshore. 
The problem is simply too important to leave any possible solution avenue unexplored. Hence the 
current, indeterminate status of systems engineering efforts to contribute to the resolution of the 
healthcare problem is simply unacceptable in the long run. The magnitude of the problems faced 
by the nation’s healthcare sector, and the impact of those problems on the nation’s physical and 
economic wellbeing, are such that any sustainable solution must be reached by a national debate 
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among all concerned stakeholders, conducted through the social and political processes that 
define this nation. In this environment, the role of the systems engineering community is to 
collaborate with other disciplines to help all of us understand the problem as a whole, and the 
possible consequences of different decisions on all the different parties concerned, so that this 
debate may take place with the best information available, based on data and transparent, testable 
assumptions. We are convinced that this effort would make significant contributions to the 
national wellbeing, and thus is completely consistent with the NSF’s larger mission. 
We thus propose the following recommendations for the National Science Foundation, 
which we believe will position the NSF as a leader in initiating a concerted effort to address the 
current problems in healthcare delivery:  
 
Recommendation #1:  The National Science Foundation (NSF) should adopt the application of 
science and engineering to improving the healthcare delivery system as one of its missions, 
representing and supporting the engineering community in its efforts to contribute to what is 
possibly the most important societal problem of our time.   
 
Many of the science and engineering disciplines currently supported by NSF can, and do, 
contribute to different aspects of health care on a regular basis. However, it is crucial that study of 
the larger healthcare delivery system, rather than individual episodes of care (e.g., radiation 
therapy for treating cancer) or system components (e.g., operations of hospitals or clinics) be the 
focus of a concerted, long-term interdisciplinary effort. Ideally healthcare engineering would 
reside at the “director” level within NSF and would span the NSF organizational chart, reflecting 
the fundamental interdisciplinary nature of its mission.  NSF should use healthcare engineering to 
bring research attention to this national need and use this mission in its programs to enhance 
engineering in its service to the nation. 
 It is hard to imagine that a concerted effort to address such a crucial problem of national 
interest would not lead to significant advances in engineering and related disciplines. The active 
engagement of the engineering community in attacking a problem of such obvious societal 
relevance will also help recruit the best students and researchers to engineering. Good students 
who wish to contribute to society by addressing healthcare needs often do not see their solution 
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through engineering, and thus do not consider engineering for a career.  This feeling is especially 
pronounced in women and minorities who compose a major target for engineering recruiters. 
 A specific mechanism by which NSF might initiate this effort would be through a two-
phase initiative similar to that in Scalable Enterprise Systems (NSF99149) launched several years 
ago. This would involve a broad call for proposals by interdisciplinary groups focused on specific 
aspects of healthcare delivery. Initial awards of, say, $300,000 for two years would be made to a 
number of contenders. The winners of these initial awards would then compete for a few larger 
awards that would hopefully form the basis for a sustainable center effort in this area. The 
Engineering Research Center (ERC) and Science and Technology Center (STC) programs could 
also serve to support such an initiative.  
 
Recommendation #2: NSF should create interdisciplinary engineering and science initiatives 
that complement current “translational research programs” in the NIH and “evidence-based 
programs” in AHRQ. 
Throughout NIH there are a number of programs which focus on “translational” research – 
sometimes called “from bench to bedside” programs whose goal is to translate basic clinical 
research (“the bench”) into clinical practice (“the bedside”).  Translation in this case closely 
corresponds to healthcare engineering.  To complement the “bench to bedside”, healthcare 
engineering could initiate “from bedside to care system”.  In other words, healthcare engineering 
would bring the system focus to the translational theme.  Likewise the “evidence-based” research 
program within the Agency for Healthcare Research and Quality (AHRQ) could be 
complemented by a healthcare engineering component that takes evidence in clinical practice and 
translates it into evidence for health care system transformation.  This activity would identify 
“best practices” and “implementation research” that could be replicated throughout the existing 
health care delivery system. Such NSF initiatives, some perhaps jointly funded with NIH and 
AHRQ, would leverage the work going on in health services disciplines and create teams of 
engineering and health services researchers that can collaborate effectively. 
 
Recommendation #3: NSF should encourage doctoral students, post-doctoral students, and 




Disciplinary study and research provides the foundation of advances in science, 
engineering, and technology, yet disciplinary work can become myopic and sometimes miss the 
forest for the trees.  Health care delivery is a forest of issues, but a forest of opportunity.  The 
symposium demonstrated that engineering and health care can complement each other’s interests 
and lead to important advances in understanding the care cycle.  However, incentives are needed 
for doctoral students and early career faculty to risk moving beyond traditional disciplinary 
boundaries. Hence funding for these individuals can have long-term consequences, gaining them 
professional recognition for their promotion and tenure and providing resources at the critical 
juncture of their careers where they establish a research program in healthcare systems 
engineering. 
 
Recommendation #4: NSF should direct substantial research in the behavioral sciences towards 
understanding the problems of effective collaboration between scientific, engineering, clinical 
and health services disciplines. 
It is no secret that past attempts by engineers to engage the health care delivery 
community have failed to live up to expectations.  All too often the problem is how to generate 
effective collaboration.  The strong science orientation of the scientific, engineering, and technical 
community combined with its tendency to rely on a clear decision-making process often leads to 
poor collaboration with health services disciplines whose practices require negotiation and 
compromise among decision-makers.  Yet the evidence presented in the symposium demonstrates 
that effective collaboration is possible and suggests there is great potential.  How can this success 
be duplicated?  What are the elements that somehow bridges the gaps in health care delivery and 
allows the kind of work that can be done in science and engineering to impact the discussions 
surrounding health care delivery?   
 
Recommendation #5:  NSF should reach out to other government agencies such as the Veteran’s 
Administration (VA), the Department of Defense, and the National Institutes of Health, to 
establish a long-term, interdisciplinary funding program directed explicitly at the healthcare 
delivery system.   
As discussed above, the magnitude of the problem in healthcare delivery is such that any 
individual agency is unlikely to be able to affect a transformative breakthrough within its routine 
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operations. Hence we recommend that NSF explore the creation of a long-term interagency 
funding program directed specifically at understanding and improving the healthcare delivery 
system. Ideally this would be funded jointly by several agencies, along the lines of the Small 
Business Innovative Research (SBIR) program; and governed jointly by these agencies. Another 
possible mode of organization, although more complex to organize and manage, would be a 
public-private consortium similar to SEMATECH, which was formed to enhance the 
competitiveness of the U.S. semiconductor industry in the face of heavy competition from the Far 
East.  Such an interagency body could leverage the complementary capabilities of different 
agencies to carry out research programs that would be beyond the capability of any individual 
agency. 
 The creation of such an entity is clearly an involved, time-consuming process; but the 
urgency of the problem requires such a solution. NSF leadership in this process will place the 
engineering community in general, and the systems engineering community in particular, in a role 
they have played successfully in many domains – that of system integrators who collaborate with 
colleagues from many areas to produce an effective, efficient system whose operation is more 
than the sum of its parts. 
 
Recommendation #6:  NSF should provide funding opportunities for engineering schools to 
develop long-term collaborative relationships with academic medical centers (such as the 
Veteran’s Administration) to form a living laboratory for the multidisciplinary study of problems 
of importance to national health policy and that extend systems engineering methodology.  
 
Unlike NSF, NIH has substantial intramural research including research laboratories, staff, and 
facilities.  Nevertheless, there are many needs for “test beds” or “living laboratories” that provide 
opportunity to examine problems of importance to health policies and extend systems engineering 
methodology.  Considerable opportunity exists at academic medical centers and Veteran’s 
Administration hospital systems.  These facilities often exemplify the kinds of systems problems 
that need to be addressed. 
The Veteran’s Administration would be an ideal initial partner for the establishment of 
actual healthcare engineering, especially though their Office of Research and Development, 
Health Services Research and Development Service.  The relationship with the VA could be 
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further strengthened through the VA Office of Academic Affairs to create partnerships between 
various VA centers of excellence and local university engineering programs.  
 
Recommendation #7:  As part of its funding opportunities NSF should encourage the study of 
international health systems and collaboration with international investigators to develop sound 
options for a health care delivery system design in the U.S. 
Care cycles in the U.S. tend to be similar to those in other developed countries.  Yet the 
care systems are quite different and the integration of the care cycle within the care system can be 
quite dissimilar.  Since the overall system performance characteristics of the U.S. health care 
system appears so inferior to other systems with similar care cycles, it would be highly beneficial 
to understand how the integration of the care cycles can be made more effective and efficient 
within the U.S.  
All these recommendations incur many organizational and financial challenges since they 
require people to move out of their “comfort zone” and confront institutional boundaries.  Yet if 
the health care delivery system is to be transformed, shouldn’t engineering be held to its historic 
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5:00 p.m. Pig Pickin’ Evening Social Event  
NCSU Campus
Monday, April 7, 2008 • Morning I Session: Fundamental Issues 
 Moderator: Stephen D. Roberts (PhD), Professor of Industrial and  
Systems Engineering, North Carolina State University
8:00-8:15 a.m.  The Healthcare Engineering Alliance (HEA) and Local Organizers
8:15-8:30 a.m.  Welcome to Research Triangle Park
 Speaker: Louis Martin-Vega (PHD)
 Dean, College of Engineering
 Professor of Industrial and Systems Engineering
 North Carolina State University
8:30-9:10 a.m. Healthcare Engineering 
       Speaker: Dale Compton (PhD)
 Professor Emeritus 
 School of Industrial Engineering
 Purdue University
9:10-9:50 a.m. Health Services Research
      Speaker: Eugene Oddone (MD)
 Professor of Medicine 
 Vice Dean for Research, Duke School of Medicine
 Director, Center for Health Services Research at Durham VAMC
 Duke University
9:50-10:00 a.m. Questions from the Audience
Break: Poster Session :: Rooms D & E
Morning II Session: National Perspectives
 Moderator: Joe Pekny (PhD)
 Professor of Chemical Engineering
 Director, e-Enterprise Center
 Purdue University
10:30-10:55 a.m. Veterans Administration (VA)
 Speaker: Seth Eisen (MD)
 Director of Health Services Research and Development
 Department of Veterans Affairs
10:55-11:20 a.m. Agency for Healthcare Research and Quality (AHRQ)
 Speaker: Jonathan White (MD)
 Director of Health Information Technology (Health IT) Portfolio
 Federal Agency for Healthcare Research and Quality (AHRQ)
11:20-11:45 a.m. National Science Foundation
 Speaker: Cerry Klein (PhD)
 Program Director for Service Enterprise Engineering
 National Science Foundation
11:45-noon Questions from the Audience
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12:15-1:15 p.m. Working Lunch – The Quality Imperative :: Room H (3rd Floor)
 Speaker: Jim Benneyan (PhD)
 Associate Professor of Mechanical and Industrial Engineering 
 Director of Quality and Productivity Lab
 Northeastern University
Afternoon I Session: Effectiveness of Healthcare Delivery
 Moderator: Ken Musselman (PhD)
 Director of Strategic Collaboration
 Regenstrief Center for Healthcare Engineering
 Purdue University
1:30-2:00 p.m. Methods of Cost-Effectiveness
 Speaker: Anita Brogan (PhD)
 Senior Director of Health Economics
 RTI Health Solutions
 Research Triangle Park
 Discussant: Peter Fabri (MD-PhD)
 Professor of Surgery, USF Health
 Associate Dean for Clinical Affairs and for Graduate Medical Education
 University of South Florida
2:00-2:30 p.m. Turning Results into Clinical Practice
 Speaker: Brad Doebbeling (MD)
 Professor of Health Services Research and Medicine, IU Medical School
 Director of Health Services Research at Regenstrief Institute
 Director of VA Health Service Research and Development at Roudebush VA 
 Indiana University
 Discussant: Reha Uzsoy (PhD)
 Clifton A. Anderson Distinguished Professor of Industrial and Systems Engineering
 North Carolina State University
2:30-3:00 p.m. Influencing Policy and Decision-Makers
      Speaker: David Matchar (MD)
 Professor of Medicine
 Director of Center for Clinical Health Policy Research
 Duke University
 
 Discussant: Kristen Lich (PhD)
 Assistant Professor of Health Policy and Administration, School of Public Health
 University of North Carolina at Chapel Hill
Break: Poster Session :: Rooms D & E
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Afternoon II Session: Efficiency of Healthcare Delivery
 
 Moderator: Brian Denton (PhD)
 Assistant Professor of Industrial and Systems Engineering
 North Carolina State University
3:30-4:00 p.m. Effectiveness and Efficiency in Healthcare
 Speaker: Julie S. Ivy (PhD)
 Assistant Professor of Industrial and Systems Engineering
 North Carolina State University
 
 Discussant: Jenifer Wu (MD, MPH)
 Assistant Professor of Obstetrics and Gynecology
 Duke University
4:00-4:30 p.m. Disease Management through Modeling
 Speaker: José Zayas-Castro (PhD)
 Professor and Chair of Industrial and Management Systems Engineering
 University of South Florida
 
 Discussant: Marie Davidian (PhD)
 William Neal Reynolds Professor of Statistics
 Director of the Center for Quantitative Sciences in Biomedicine
 North Carolina State University
4:30-5:00 p.m. Making Treatment Decisions
 Speaker: Michael Pignone (MD)
 Associate Professor of Medicine
 Director of Medical Practice and Prevention at Sheps Center for Health Services Research
 University of North Carolina at Chapel Hill
 
 Discussant: Hari Balasubramanian (PhD)
 Research Associate for Healthcare Policy and Research
 Mayo Clinic
6:30-8:30 p.m. Dinner – Challenges: What Needs to be Done? :: Room H (3rd Floor)
 Introduction of Speaker: Paul Cohen (PhD)
 Head and Edgar S. Woolard Distinguished Professor of the 
 Edward P. Fitts Department of Industrial and Systems Engineering
 North Carolina State University 
 Speaker: Vinod Sahney (PhD)
 Senior Vice President and Chief Strategy Officer
 Blue Cross and Blue Shield of Massachusetts
 Adjunct Professor of Health Policy and Management, Harvard University
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Tuesday, April 8, 2008 • Morning I Session: Promoting Access 
 Moderator: Julie S. Ivy (PhD)
 Assistant Professor of Industrial and Systems Engineering
 North Carolina State University
8:00-9:00 a.m. Panel on Access and Disparities
 Panel Leader: Paul Stanfield (PhD)
 Chairperson and Associate Professor of Industrial and Systems Engineering
 North Carolina A&T State University
 Discussants:
 Dorothy Browne (DrPH)
 Director of the Institute for Public Health
 North Carolina A&T State University
  
 Robert Millikan (PhD, DVM)
 Associate Professor of Epidemiology, School of Public Health
 University of North Carolina at Chapel Hill
 
 Peggye Dilworth-Anderson (PhD)
 Professor of Health Policy and Administration, School of Public Health
 Director, Center for Aging and Diversity
 University of North Carolina at Chapel Hill
 
 Alvin E. Headen, Jr. (PhD)
 Associate Professor of Economics, College of Management
 North Carolina State University
 
9:00-9:30 a.m. Improving Patient Access
 Speaker: Jeffrey Spade (MHA)
 Executive Director, NC Rural Health Center
 North Carolina Hospital Association
 Discussant: Fay Cobb Payton (PhD)
 Associate Professor of Information Technology, College of Management
 North Carolina State University 
 
9:30-10:00 a.m. Patient Scheduling
 Speaker: Mark Lawley (PhD)
 Associate Professor of Biomedical Engineering
 Purdue University
 
 Discussant: Shelly Qu (PhD)
 Assistant Professor of Industrial and Systems Engineering
 North Carolina A&T State University
Break: Poster Session :: Rooms D & E
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Morning II Session: Improving Operations 
 Moderator: Reha Uzsoy (PhD)
 Clifton A. Anderson Distinguished Professor of Industrial and Systems Engineering
 North Carolina State University
10:30-11:00 a.m. Methods and Models for Operations Improvement
 Speaker: Heather Woodward-Hagg (PhD)
 Research Scientist, VA HSR&D Center of Excellence on Implementing 
 Evidence-based Practice
 IU Center for Health Services and Outcomes Research 
 Regenstrief Center for Healthcare Engineering, Purdue University
 Discussant: William Burton (MS)
 Director of Performance Services
 Duke University Hospital
11:00-11:30 a.m. Logistics and Supply Chain
 Speaker: Ronald Rardin (PhD)
 John and Mary Lib White Systems Integration Chair
 Director of Center on Innovation in Healthcare Logistics
 Distinguished Professor and Interim Head of Industrial Engineering
 University of Arkansas
 Discussant: Lauren Davis (PhD)
 Assistant Professor of Industrial and Systems Engineering
 North Carolina A&T State University
11:30-12:00 p.m. Design and Operation of Surgical Suites
 Speaker: Brian Denton (PhD)
 Assistant Professor of Industrial and Systems Engineering
 North Carolina State University
 
 Discussant: Sarah Root (PhD)
 Assistant Professor of Industrial Engineering
 University of Arkansas
12:00-12:30 p.m. Wrap-Up – Understanding Each Other
 Speaker: Steve Witz (PhD)
 Director of Regenstrief Center for Healthcare Engineering
 Purdue University
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Monday, April 7, 2008, Morning I Session: Fundamental Issues
  
Moderator: Stephen D. Roberts (PhD), Professor of Industrial and Systems Engineering, 
North Carolina State University
Stephen D. Roberts has been a Professor in the Edward P. Fitts Department of Industrial and Systems Engineering 
at NC State since 1990 and for nine years served as Head of the department. He spent four years on the faculty at 
the University of Florida, 18 years as a joint Professor at Purdue University School of Industrial Engineering and at 
Indiana University School of Medicine Department of Medicine and was Director of Health Systems Research Group at 
Regenstrief Institute for Healthcare. His general research interests are in discrete-event simulation and the modeling of 
medical decisions. He has conducted cost-effectiveness research on end stage renal disease, oxygen therapy, diabetes 
immunization, hypertension, chlamydia, renal revascularization, myocardial infarction, and renal artery stenosis, among 
others. His current research is in probabilistic cost-effectiveness of screening methods for colorectal cancer. He received 
his BSIE, MSIE, and PhD from Purdue University in IE.
8:00 – 8:15 a.m. The Healthcare Engineering Alliance (HEA) and Local Organizers
8:15 – 8:30 a.m. Welcome to Research Triangle Park
Speaker: Louis Martin-Vega (PhD), Dean, College of Engineering; Professor of Industrial and 
Systems Engineering, North Carolina State University
Dean Louis A. Martin-Vega came to NC State in 2006 after spending nearly five years as professor and Dean of 
Engineering at the University of South Florida. Prior to joining USF, Martin-Vega held several prestigious positions, 
including serving as acting Head of the Engineering Directorate at the National Science Foundation (NSF); Director 
of NSF’s Division of Design, Manufacture and Industrial Innovation; and Chair of the Department of Industrial and 
Manufacturing Systems Engineering at Lehigh University. He also served as Lockheed Professor in the College 
of Engineering at the Florida Institute of Technology and directed the University of Florida’s Center for Electronics 
Manufacturing, in addition to serving as a Professor in the ISE Department. He also held a tenured faculty position at the 
University of Puerto Rico at Mayaguez. His research and teaching interests are manufacturing, logistics and distribution, 
operations management, and production and service systems.
8:30-9:10 a.m. Healthcare Engineering 
Speaker: Dale Compton (PhD), Professor Emeritus, School of Engineering,  
Purdue University
Dale Compton is the Lillian M. Gilbreth Distinguished Professor (Emeritus) of Industrial Engineering at Purdue University. 
From 1961-70, he was at the University of Illinois at Urbana-Champaign as a Professor of Physics. From 1965-1970, he 
was Director of the Coordinated Science Laboratory. From 1970-86, he was with the Research Laboratories of the Ford 
Motor Co.—the last 13 years as Vice-President Research. He was the first Senior Fellow of the National Academy of 
Engineering before joining Purdue. He is currently a member of St. Vincent Hospital (Indianapolis) Quality Committee 
and a past member of the IHI National Advisory Committee on Pursuing Perfection. Since 2000, he has served as Home 
Secretary for the National Academy of Engineering.
SYMPOSIUM SPEAKERS SCHEDULE
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9:10-9:50 a.m. Health Services Research
Speaker: Eugene Oddone (MD), Professor of Medicine and Vice Dean for Research, Duke 
School of Medicine; Director, Center for Health Services Research at Durham VAMC,  
Duke University
Eugene Z. Oddone, MD, MHSc, is the Director of the Center for Health Services Research in Primary Care at the Durham 
VAMC and Professor of Medicine and Vice Dean for Research at Duke University School of Medicine. Dr. Oddone’s 
research interests include health services research focusing on access and disparities in healthcare as well as testing 
novel interventions designed to improve process and outcomes of care for patients with chronic medical illness. He was 
the recipient of the VA’s Undersecretary’s Award for distinguished achievement in health services research. 
9:50-10 a.m. Questions from the Audience
Monday, April 7, 2008, Morning II Session: National Perspectives
Moderator: Joe Pekny (PhD), Professor of Chemical Engineering; Director, e-Enterprise 
Center, Purdue University
Joseph F. Pekny is a Professor of Chemical Engineering at Purdue University with research interests in systems analysis, 
supply chain management, planning and scheduling systems, pharmaceutical pipeline management, model-based 
and data driven management, and real-time decision systems. His research group is active in risk management, 
decision support systems, algorithm engineering, combinatorial optimization, large-scale software systems, sensitivity 
analysis, and simulation based optimization architectures. Dr. Pekny is the Director of the e-Enterprise Center at Purdue 
University’s Discovery Park and was the Founding Director of the Regenstrief Center for Healthcare Engineering.
10:30-10:55 a.m. Veterans Administration (VA)
Speaker: Seth Eisen (MD), Director of Health Services Research and Development,  
Department of Veterans Affairs
Seth Eisen, MD, MSc, an internist and epidemiologist, has been the Director of the VA’s Health Services Research 
and Development (HSR&D) Service for the past year, is Professor of Internal Medicine and Psychiatry and a member of 
the Divisions of Rheumatology and General Medical Sciences at Washington University School of Medicine, and is a 
Staff Physician at the St. Louis Veterans Affairs Medical Center. Dr. Eisen’s primary research interests are psychiatric 
epidemiology, pharmacovigilance, and the impact of war on psychiatric and physical health. In his current VA research 
leadership position, he has developed initiatives in medical informatics, health services genomics, and transforming 
healthcare provider education to improved patient outcomes. He has over 120 peer-reviewed publications. 
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10:55-11:20 a.m. Agency for Healthcare Research and Quality (AHRQ)
Speaker: Jonathan White (MD), Director of Health Information Technology (Health IT)  
Portfolio, Federal Agency for Healthcare Research and Quality (AHRQ)
Jon White, MD, directs the Health IT Portfolio at the Federal Agency for Healthcare Research and Quality (AHRQ). Dr. 
White is responsible for setting the programmatic direction of AHRQ’s Health IT projects. He has directly managed 
numerous projects, which have advanced the field of knowledge, and he participates in several national initiatives to 
improve the quality of American healthcare. A board-certified family physician, Dr. White received his medical degree 
from the University of Virginia. Prior to his tenure at AHRQ, he was Chief Medical Information Officer and Associate 
Residency Director of Lancaster General Hospital. 
11:20-11:45 a.m. National Science Foundation
Speaker: Cerry Klein (PhD), Program Director for Service Enterprise Engineering,  
National Science Foundation (NSF)
Cerry Klein is the Program Director for the Service Enterprise Engineering and Manufacturing Enterprise Systems 
programs at the NSF. He is also the Lapierre Professor and past Chair of the Department of Industrial and Manufacturing 
Systems Engineering at the University of Missouri. Dr. Klein’s research interests include healthcare, logistics, 
entrepreneurship, optimization, and decision-making. He has received over $5.0 million in funding from various sources 
and has published over 160 technical publications. Dr. Klein is a graduate of Purdue University with his PhD in Industrial 
Engineering and was an Office of Naval Research Young Investigator. He has also received numerous teaching awards. 
11:45-noon Questions from the Audience
12:15-1:15 p.m. Working Lunch – The Quality Imperative
Speaker: James C. Benneyan (PhD), Associate Professor of Mechanical and Industrial 
Engineering; Director of Quality and Productivity Laboratory, Northeastern University
James C. Benneyan is an Associate Professor in the Department of Mechanical and Industrial Engineering at 
Northeastern and the Director of the Quality and Productivity Laboratory (QPL). He has worked with the Agency for 
Healthcare Research and Quality, NIH, and industry partners. Various QPL members hold joint appointments, board 
positions, associations or editorial positions with the Institute of Industrial Engineers, Society for Health Systems, 
Raytheon’s Six Sigma Institute, Institute for Healthcare Improvement, and numerous professional journals. Dr. Benneyan 
received his BA in Mathematics from Hamilton College, and his MS and PhD in Industrial Engineering and Operations 
Research from the University of Massachusetts.
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Monday, April 7, 2008, Afternoon I Session: Effectiveness  
of Healthcare Delivery
Moderator: Kenneth Musselman (PhD), Director of Strategic Collaboration, Regenstrief 
Center for Healthcare Engineering, Purdue University
Kenneth Musselman, PhD, is the Strategic Collaboration Director for the Regenstrief Center for Healthcare Engineering 
at Purdue, where he serves as the center’s Managing Director and is responsible for fostering, building, and managing 
the relationships with key healthcare partners. He is also currently serving as President of the Institute of Industrial 
Engineers, which is the world’s largest professional membership association dedicated solely to the support of the 
industrial engineering profession and individuals involved with improving quality and productivity. For over 30 years, Dr. 
Musselman has actively consulted in the design, monitoring, planning and scheduling of manufacturing and healthcare 
systems through business activity monitoring and response, simulation and advanced planning and scheduling.
1:30-2:00 p.m. Methods of Cost-Effectiveness
Speaker: Anita Brogan (PhD), Senior Director of Health Economics, RTI Health Solutions,  
Research Triangle Park
Anita Brogan, PhD, is a Senior Director of Health Economics at RTI Health Solutions. Her research focuses on the 
application of operations research and other analytical techniques to the construction of cost-effectiveness, cost-utility, 
and budget-impact models for emerging pharmaceutical and biotechnology products in a variety of therapeutic areas. Dr. 
Brogan completed her doctoral degree in Operations Research at the University of North Carolina at Chapel Hill, and her 
research has been presented at various professional conferences and published in Value in Health, the European Journal 
of Operational Research, IIE Transactions, and the Journal of Parenteral and Enteral Nutrition.
Discussant: Peter J. Fabri (MD, PhD), Professor of Surgery, USF Health; Associate Dean for 
Clinical Affairs and Graduate Medical Education, University of South Florida
Peter J. Fabri, MD, PhD, has been Professor of Surgery at the University of South Florida College of Medicine since 1986 
and the Associate Dean for Graduate Medical Education since 1993. Dr. Fabri has served as dissertation advisor for three 
PhDs granted at USF (education/medical informatics, industrial organizational psychology) and previously for two PhDs 
granted at OSU (biochemistry). Dr. Fabri recently completed a PhD in Industrial Engineering at USF and advises doctoral 
and masters students in the emerging field of Healthcare Engineering. His primary research interests are in healthcare 
systems, patient safety and medical error.
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2:00-2:30 p.m. Turning Results into Clinical Practice
Speaker: Brad Doebbeling (MD), Professor of Health Services Research and Medicine, IU 
Medical School; Director of Health Services Research at Regenstrief Institute; Director of 
VA Health Service Research and Development at Roudebush VA, Indiana University
Nationally recognized health services researcher, Bradley N. Doebbeling, MD, MSc, holds academic appointments in 
health services research, epidemiology and biomedical engineering respectively at Indiana University School of Medicine, 
University of Iowa College of Public Health and Purdue University. A leader in research methodology and collaborations 
and mentorship, he directs both the VA HSR&D Center of Excellence in Implementing Evidence-based Practice at the 
Indianapolis VA Medical Center and the IU Center for Health Services & Outcomes Research of Regenstrief Institute, Inc. 
By integrating health information technology, systems engineering and organizational change approaches, his research 
focus to transform healthcare delivery has influenced national policy in patient safety, quality improvement, antimicrobial 
resistance, implementation science, organizational change and system redesign.
Discussant: Reha Uzsoy (PhD), Clifton A. Anderson Distinguished Professor of Industrial 
and Systems Engineering, North Carolina State University
Reha Uzsoy is the inaugural Clifton A. Anderson Distinguished Professor in the Edward P. Fitts Department of Industrial 
and Systems Engineering at NC State. He holds BS degrees in Industrial Engineering and Mathematics and an MS 
in Industrial Engineering from Bogazici University, Istanbul, Turkey. He received his PhD in Industrial and Systems 
Engineering in 1990 from the University of Florida. His teaching and research interests are in production planning, 
scheduling, supply chain management and healthcare. He is a Fellow of the Institute of Industrial Engineers and  
serves on the Editorial Boards of IIE Transactions on Scheduling and Logistics and International Journal of  
Computer-Integrated Manufacturing.
2:30-3:00 p.m. Influencing Policy and Decision-Makers
Speaker: David Matchar (MD), Professor of Medicine; Director of the Center for Clinical 
Health Policy Research, Duke University 
After completing his undergraduate degree in Statistics at Princeton, Dr. Matchar earned his MD from the University 
of Maryland. His research is focused on evidence synthesis to support informed clinical and policy decisions, and on 
the implementation and evaluation of innovative strategies to promote practice change. He is principal investigator of 
VA Cooperative Study #481, the Home INR Study (THINRS), a 28-city study of home monitoring of anticoagulation, 
a 10-city project to improve care provided to individuals with advanced chronic kidney disease, and is the chair of the 
Executive Committee of the Stroke QUERI, a system-wide initiative in the Department of Veterans Affairs to optimize 
care of individuals at risk of stroke or who have experienced a stroke. Dr. Matchar is the director of the Duke Evidence-
based Practice Center, which includes a contract to provide technical support to CMS, related to national coverage 
decision-making and the DEcIDE Network Team, in support of research to optimize benefits to beneficiaries of Medicare, 
Medicaid, and SCHIP.  
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Monday, April 7, 2008, Afternoon II Session: Efficiency of 
Healthcare Delivery
2:30-3:00 p.m Influencing Policy and Decision-Makers (cont.)
Discussant: Kristen Lich (PhD), Assistant Professor of Health Policy and Administration, 
School of Public Health, University of North Carolina at Chapel Hill
Kristen Hassmiller Lich is an Assistant Professor in the Department of Health Policy and Administration in the School 
of Public Health at UNC-Chapel Hill. She received her BS in Psychology and Gerontology from the University of Akron, 
an MHSA from the School of Public Health at the University of Michigan, and a PhD in Health Services Organization 
and Policy, also from Michigan. Her teaching and research interests involve applying operations research and complex 
systems tools to solve problems in health and healthcare. She has studied tobacco policy (both domestic and 
international) and tuberculosis control. Her current research focuses on improving the mental healthcare system  
in North Carolina.
Moderator: Brian Denton (PhD), Assistant Professor of Industrial and Systems Engineering, 
North Carolina State University
Dr. Brian Denton is an Assistant Professor at NC State in the Edward P. Fitts Department of Industrial and Systems 
Engineering and Fitts Fellow in Health Systems Engineering. Previously, he has been a Senior Associate Consultant at the 
Mayo Clinic in the College of Medicine, and a Senior Engineer at IBM. His primary research interests are in optimization 
under uncertainty as it relates to industry applications in healthcare delivery, medical decision-making, supply chain 
planning, and factory scheduling. He has won the INFORMS Daniel H. Wagner Prize (2005), the Institute of Industrial 
Engineers Outstanding Publication Award (2005), and the Canadian Operations Research Society Best Paper Award 
(2000). He has co-authored more than a dozen journal articles, working papers, and conference proceedings, and holds 
nine patents with the U.S. Patent and Trademark Office. He completed his PhD in Management Science, his MSc in 
Physics, and his BSc in Chemistry and Physics at McMaster University in Hamilton, Ontario, Canada. 
3:30-4:00 p.m. Effectiveness and Efficiency in Healthcare
Speaker: Julie S. Ivy (PhD), Assistant Professor of Industrial and Systems Engineering, 
North Carolina State University
Dr. Julie Simmons Ivy is an Assistant Professor at NC State in the Edward P. Fitts Department of Industrial and Systems 
Engineering and Fitts Fellow in Health Systems Engineering. She previously spent several years on the faculty of the 
Stephen M. Ross School of Business at the University of Michigan. She received her BS and PhD in Industrial and 
Operations Engineering at the University of Michigan. She also received her MS in Operations Research at Georgia 
Tech. Her research interests are mathematical modeling of stochastic dynamic systems as applied to healthcare, 
manufacturing, and service environments. The focus of her research is decision-making under conditions of uncertainty 
with the objective of improving the decision quality.
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Effectiveness and Efficiency in Healthcare (cont.)
Discussant: Jennifer Wu (MD, MPH), Assistant Professor of Obstetrics and Gynecology,  
Duke University
Jennifer M. Wu, MD, is an Assistant Professor of Obstetrics and Gynecology in the Division of Urogynecology and 
Pelvic Reconstructive Surgery at Duke University. She is a practicing urogynecologist who cares for women with pelvic 
floor disorders, which include urinary and fecal incontinence and pelvic organ prolapse. Her research focuses on the 
epidemiology of pelvic floor disorders, the relationship between childbirth injury and pelvic floor dysfunction and the 
impact of these conditions on quality of life. She is also interested in cost-effectiveness analyses and applying decision 
analysis to the study of urogynecologic disorders.
4:00-4:30 p.m.  Disease Management through Modeling
Speaker: José L. Zayas-Castro (PhD), Professor and Chair of Industrial and Management 
Systems Engineering, University of South Florida
Dr. José L. Zayas-Castro is Professor and Chairperson of the Department of Industrial and Management Systems 
Engineering at USF. Previous to his current appointment, he worked at the University of Missouri-Columbia and the 
University of Puerto Rico-Mayagüez. Dr. Zayas-Castro is actively working in healthcare engineering in collaboration 
with USF’s Health Sciences, H. Lee Moffitt Cancer Center, the James A. Haley Veterans Affairs Hospital in Tampa, and 
Tampa General Hospital. In addition, he works in aspects related with graduate medical education, and innovation and 
entrepreneurship in the intersection of engineering, health sciences, and the medical device sector.
Discussant: Marie Davidian (PhD), William Neal Reynolds Professor of Statistics, Director of 
the Center for Quantitative Sciences in Biomedicine, North Carolina State University
Marie Davidian is the William Neal Reynolds Professor of Statistics and Director of the Center for Quantitative Sciences 
in Biomedicine at NC State, and Adjunct Professor of Biostatistics and Bioinformatics at Duke University. Her interests 
include statistical methods for analysis of clinical trials and longitudinal studies, design and evaluation of treatment 
strategies, and mathematical-statistical modeling of disease mechanisms. She has served as Coordinating and 
Executive Editor of the journal Biometrics, as Chair of the NIH Biostatistical Methods and Research Design study section, 
and as President of the Eastern North American Region (ENAR) of the International Biometric Society. She is a Fellow 
of the American Statistical Association, the Institute of Mathematical Statistics, and the American Association for the 
Advancement of Science.
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 4:30-5:00 p.m.  Making Treatment Decisions
Speaker: Michael Pignone (MD), Associate Professor of Medicine; Director of Medical  
Practice and Prevention at the Sheps Center for Health Services Research,  
University of North Carolina at Chapel Hill
Dr. Michael Pignone is an Associate Professor of Medicine in the Division of General Internal Medicine at UNC-Chapel 
Hill, Chief of the Division of General Internal Medicine, and Director of the UNC Center for Excellence in Chronic Illness 
Care and the Program on Medical Practice and Prevention Research at the UNC Sheps Center for Health Services 
Research. He received his MD and residency training from the University of California-San Francisco. He then completed 
fellowship training in clinical epidemiology and health services research through the Robert Wood Johnson Clinical 
Scholars Program at UNC from 1996-98, during which time he also received a master’s degree in epidemiology from 
the UNC School of Public Health. Dr. Pignone has served on the faculty of the UNC School of Medicine from 1998 to the 
present. He also serves as an Associate Editor for the journals Medical Decision Making and Clinical Diabetes and on the 
editorial board for Archives of Internal Medicine. Dr. Pignone’s research is focused on medical decision-making and he 
helped found the UNC Decision Support Laboratory.
Discussant: Hari Balasubramanian (PhD), Research Associate for Healthcare Policy and 
Research, Mayo Clinic
Hari Balasubramanian is a Post-Doctoral Research Associate working at the Department of Health Sciences Research 
(HSR) at the Mayo Clinic in Rochester, Minnesota. He works on research and education initiatives pertaining to 
operations research in healthcare. His current projects include quantitative and optimization approaches in patient 
access management, surgery delivery and medical decision-making. He also co-teaches the course Introduction to 
Health Systems Engineering, offered annually at the Mayo Graduate School. He obtained his doctoral degree in Industrial 
Engineering from Arizona State University in August 2006, where he worked on developing computationally efficient 
scheduling approaches for complex manufacturing systems. 
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 6:30-8:30 p.m.  Dinner – Challenges: What Needs to be Done?
Introduction of Speaker: Paul Cohen (PhD), Head and Edgar S. Woolard Distinguished  
Professor of the Edward P. Fitts Department of Industrial and Systems Engineering,  
North Carolina State University 
NC State ISE Department Head Paul Cohen received his BS degree in Industrial Engineering from the University of Rhode 
Island and MS and PhD degrees in Industrial and Systems Engineering from Ohio State University. He has also worked  
industrially at Battelle Memorial Institute and the Wanskuck Co. performing metalworking research. His work has 
focused on the modeling of plastic deformation processes, development of new tooling materials and tribology. His  
more recent research has examined properties and processes at the nano-scale. He has served in leadership roles 
in industry-based university research centers, published over 100 papers and served in editorial positions for leading 
journals. He has won numerous awards from the Institute of Industrial Engineers, Society of Manufacturing Engineers, 
American Society for Engineering Education and National Science Foundation. He is the Chair-elect of the Council of 
Fellows of the Institute of Industrial Engineers.
Speaker: Vinod K. Sahney (PhD), Senior Vice President and Chief Strategy Officer,  
Blue Cross and Blue Shield of Massachusetts; Adjunct Professor of Health Policy and  
Management, Harvard University
Vinod K. Sahney is Senior Vice President and Chief Strategy Officer for Blue Cross Blue Shield of Massachusetts. 
Before joining Blue Cross he served as Senior Vice President at Henry Ford Health System-Detroit for 25 years. He 
was responsible for strategy, marketing, government relations, management services, public relations, health services 
research, health promotion and disease prevention. He has been elected to both The Institute of Medicine and National 
Academy of Engineering. He is a Fellow of both IIE and HIMSS. He is a founding member of Institute of Healthcare 
Improvement (IHI) and has served on its Board of Directors and as Chair of the Board for six years. He is a founding 
member and Past President of Society for Health Systems. He has served as a Baldridge Judge and on the Defense 
Healthcare Advisory Board.
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Morning: Tuesday, April 8, 2008 – Morning I Session: Promoting Access 
Moderator: Julie S. Ivy (PhD), Assistant Professor of Industrial and Systems Engineering, 
North Carolina State University (see page 12 for bio)
8:00-9:00 a.m. Panel on Access and Disparities
Panel Leader: Paul Stanfield (PhD), Chairperson and Associate Professor of Industrial and 
Systems Engineering, North Carolina A&T State University
Dr. Paul Stanfield is Associate Professor and Chair of the ISE Department at North Carolina A&T State University. 
Additionally, Dr. Stanfield serves as advisor, instructor and research director for the Institute for Defense and Business 
and the Center for Excellence in Logistics and Technology (LOGTECH). He is the former President of ABCO Automation, 
an 80-employee engineering consulting firm, is a registered professional engineer and has consulted extensively for 
over 30 private companies and all military branches. His research interests include supply chain system modeling, 
enterprise information systems, life cycle management through application of automated identification technologies, and 
stochastic scheduling. He is a former Institute of Industrial Engineers (IIE) Region 3 Vice President and past winner of the 
Outstanding Young Industrial Engineer in Education, Pritsker Doctoral Dissertation, and IIE Graduate Research Awards. 
Dr. Stanfield received his BS in Electrical Engineering, MS in Industrial Engineering/Operations Research, and PhD in 
Industrial Engineering from NC State and his MBA from UNC-Greensboro.
Discussants: 
Dorothy Browne (DrPH), Director of the Institute for Public Health; Professor of Social 
Work, North Carolina A&T State University
In addition to her current positions, Dr. Dorothy C. Browne was an Adjunct Professor of Maternal and Child Health at the 
UNC School of Public Health-Chapel Hill. Her areas of expertise include health disparities, especially those associated 
with drug use (e.g., HIV/AIDS) and high-risk behaviors of adolescents and young adults. Current research focuses on 
factors related to the health disparities of obesity and diabetes, and CVD. Prior to arriving at North Carolina A&T State 
University in July 2007, Dr. Browne was a Professor of Public Health at Morgan State University; Interim Associate Dean 
of Research at Morgan State School of Public Health and Policy and the Co-director of the Morgan-Hopkins Center for 
Health Disparities Solutions at Morgan. She was also the Director of the Morgan State site and Senior Scientist/Co-
director of the Morgan Drug Abuse Research Program. Browne received her undergraduate degree from Bennett College 
for Women, an MSW from the University of Pittsburgh School of Social Work and an MPH and DrPH from Harvard 
University School of Public Health.
Robert Millikan (PhD, DVM), Associate Professor of Epidemiology, School of Public Health, 
University of North Carolina at Chapel Hill
Robert Millikan, DVM, PhD, is a Professor in the Department of Epidemiology, School of Public Health and Lineberger 
Comprehensive Cancer Center, UNC School of Medicine at Chapel Hill. His current research projects include Carolina 
Breast Cancer Study and the Genes Environment and Melanoma Study (North Carolina Melanoma Study). He teaches 
in Cancer Epidemiology Methods, Genetic Epidemiology, Molecular Epidemiology, and co-teaches Advanced Methods 
for Epidemiologic Data Analysis at the University of North Carolina. He recently completed a Fulbright Fellowship at 
University College Dublin, Ireland.
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Panel on Access and Disparities (cont.)
Peggye Dilworth-Anderson (PhD), Professor of Health Policy and Administration, School 
of Public Health; Director of the Center for Aging and Diversity, Institute on Aging (IOA), 
University of North Carolina at Chapel Hill
Peggye Dilworth-Anderson co-directs the National Institute on Aging-funded training program at the IOA in healthcare 
and aging research. Her areas of expertise include minority aging and health, family caregiving, health disparities, 
and long-term care. Her current research focuses on health disparities pertaining to Alzheimer’s disease and related 
dementias. Dr. Dilworth-Anderson currently serves on the 2005 White House Conference on Aging Advisory Committee 
and past elected positions include serving as Chair of the Behavioral and Social Science Section of the Gerontological 
Society of America (2002-03), and Chair of the Ethnic Minority Section of the National Council on Family Relations 
(1985-87). Dr. Dilworth-Anderson completed her undergraduate training in Sociology from Tuskegee Institute in 1970, 
and received her master’s and doctorate degrees in sociology from Northwestern University in 1972 and 1975, 
respectively. She is a Fellow of the Gerontological Society and the National Council of Family Relations. 
Alvin E. Headen, Jr. (PhD), Associate Professor of Economics, College of Management,  
North Carolina State University
Alvin E. Headen, Jr. was recently appointed to the National Advisory Council on Minority Health and Health Disparities 
(NACMHD), a part of the National Institutes of Health (NIH). Prior to joining NC State’s College of Management, Dr. 
Headen held economist positions with Blue Cross/Blue Shield and the American Medical Association. His career has 
centered on the economics of healthcare and particularly healthcare for minorities. Dr. Headen’s research for more than 
two decades has explored the factors that contribute to racial and ethnic disparities in healthcare that have persisted in 
the United States in the face of economic growth.
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9:00-9:30 a.m. Improving Patient Access
Speaker: Jeffrey S. Spade, (MHA), Executive Director, North Carolina Rural Health Center, 
North Carolina Hospital Association
Jeffrey S. Spade, MHA, FACHE, is the Executive Director of the NC Rural Health Center, a resource center supported 
by the North Carolina Hospital Association (NCHA), and Vice President of NCHA. His activities and accomplishments 
include 23 rural NC hospitals designated as Critical Access Hospitals; 46 Disproportionate Share Hospitals participating 
in the 340B drug purchasing program; directing the 100K Lives Campaign for North Carolina, saving an estimated 2,724 
lives; organizing a statewide collaborative to implement and sustain rapid response teams at 56 NC hospitals, saving 
over 300 lives annually; providing leadership for the Rural Affinity Group of the 5 Million Lives Campaign; and leading 
the Governor’s Task Force for Healthy Carolinians. Mr. Spade is an active board member of the NC Association of Free 
Clinics, a fully participating member of the North Carolina Institute of Medicine, a Fellow in the American College of 
Healthcare Executives and has a faculty appointment with the Institute for Healthcare Improvement, Boston, MA.  
He is a graduate of the Duke University, Fuqua School of Business (MHA) and the University of Wisconsin  
(BS Molecular Biology). 
 
Discussant: Fay Cobb Payton (PhD), Associate Professor of Information Technology, College 
of Management, North Carolina State University
Dr. Fay Cobb Payton is an Associate Professor of IT at NC State. She earned a PhD in Information and Decision Systems 
(with a specialty in Healthcare Management) from Case Western Reserve University. Her research interests include 
healthcare disparities (HIV/AIDS) among African American and sub-Saharan African populations, health informatics, 
data management and social exclusion (including the digital divide/equity and STEM). She currently serves as the Vice 
Chair of the Associate of Information Systems SIG-International Health and the Section Editor for the African Journal of 
Information Systems. She is also a member of the IEEE Medical Policy Working Group. Dr. Cobb has worked with The PhD 
Project since 1996. 
9:30-10 a.m. Patient Scheduling
Speaker: Mark Lawley (PhD), Associate Professor of Biomedical Engineering,  
Purdue University
Before joining Biomedical Engineering in 2007, Dr. Lawley served nine years as Assistant and Associate Professor of 
IE, also at Purdue, two years as Assistant Professor of IE at the University of Alabama, and held engineering positions 
with Westinghouse Electric Corporation, Emerson Electric Company, and the Bevill Center for Advanced Manufacturing 
Technology. He has authored over 80 technical papers and has won three best paper awards for his work in systems 
optimization and control. In January 2005, he was appointed Regenstrief Faculty Scholar in support of Purdue’s 
Regenstrief Center for Healthcare Engineering. Dr. Lawley is particularly interested in developing optimal decision 
policies for system configuration and resource allocation in large healthcare systems. As a Regenstrief Scholar, he 
has focused on research initiatives with Wishard Hospital, the Regenstrief Institute of Indianapolis, the Richard L. 
Roudebush Veterans Administration Medical Center, Ascension Health, St. Vincent Hospitals, and the American College 
of Physicians. He received his PhD in Mechanical Engineering from the University of Illinois at Urbana Champaign in 1995 
and is a registered Professional Engineer in the State of Alabama.
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Tuesday, April 8, 2008, Morning II Session: Improving Operations
Patient Scheduling (cont.)
Discussant: Xiuli (Shelly) Qu (PhD), Assistant Professor of Industrial and Systems  
Engineering, North Carolina A&T University
Dr. Xiuli (Shelly) Qu received her MS and PhD in Industrial Engineering from Purdue University. Before that, she received 
a BSEE and a MSEE from the University of Science and Technology Beijing. Her research and teaching interests focus on 
healthcare delivery, healthcare information system, and stochastic modeling and optimization. In her previous work, she 
has developed mathematical models and quantitative procedures for decision-making in open access scheduling. Using 
these procedures, she investigated the impacts of clinic environmental characteristics, and then summarized the general 
guidelines for determining a best scheduling policy in open access scheduling systems. 
Moderator: Reha Uzsoy (PhD), Clifton A. Anderson Distinguished Professor of Industrial and 
Systems Engineering, North Carolina State University (see page 11 for bio)
10:30-11:00 a.m Methods and Models for Operations Improvement
Speaker: Heather Woodward-Hagg (PhD), Research Scientist, VA HSR&D Center of  
Excellence on Implementing Evidence-based Practice, IU Center for Health Services and 
Outcomes Research, Regenstrief Center for Healthcare Engineering, Purdue University
Dr. Heather Woodward-Hagg is a Certified Quality Engineer (CQE), Certified Six Sigma Black Belt (CSSBB), was an 
Assistant Professor of Industrial Technology at the College of Technology at Purdue University and is now an investigator/
researcher for the VA HSR&D Center of Excellence on Implementing Evidence-based Practice and the Indiana University 
Center for Health Services and Outcomes Research at Regenstrief Institute, Inc. Professor Woodward-Hagg spent nine 
years at Intel as a Process and Quality Engineer within semiconductor manufacturing. The focus of her research has 
been to translate systems engineering methodologies, such as Lean and Six Sigma, into relevant and accessible tools 
that can be readily applied by healthcare professionals to create sustained improvement in the quality of healthcare 
delivery across Indiana. 
Discussant: William Burton (MS), Director of Performance Services,  
Duke University Hospital
As the Director of Performance Services, William C. Burton directs the Management Engineering, Balanced Scorecard 
and Six Sigma programs for the Duke University Health System. Bill came to Duke University in 1993. Prior to joining 
Duke, he worked with SunHealth Enterprises (now Premier Inc.) for over 10 years as a Management Consultant. He 
received his BS and MS from North Carolina State University in Industrial Engineering and is a Certified Six Sigma  
Black Belt.
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11:00-11:30 a.m. Logistics and Supply Chain
Speaker: Ronald Rardin (PhD), John and Mary Lib White Systems Integration Chair,  
Director of Center on Innovation in Healthcare Logistics, Distinguished Professor and  
Interim Department Head of Industrial Engineering, University of Arkansas-Fayetteville.
Ronald (Ron) L. Rardin heads the University’s new Center on Innovation in Healthcare Logistics targeting innovations in 
supply chain and material flow aspects of healthcare operations in collaboration with Wal-Mart, Blue Cross Blue Shield, 
VHA, and other partners. His current teaching and research interests center on large-scale optimization modeling and 
algorithms, especially their applications in healthcare delivery and energy planning.
Discussant: Lauren Davis (PhD), Assistant Professor of Industrial and Systems Engineering, 
North Carolina A&T State University
Lauren Berrings Davis is an Assistant Professor in ISE at North Carolina A&T State University. She received her BS in 
Computational Mathematics from Rochester Institute of Technology in 1991, her MS in Industrial and Management 
Engineering from Rensselaer Polytechnic Institute in 1992, and her PhD in Industrial Engineering from North Carolina 
State University in 2005. Her research interests are in stochastic modeling of supply chain systems, with a focus on 
models for quantifying the value of information. 
11:30-noon Design and Operation of Surgical Suites
Speaker: Brian Denton (PhD), Assistant Professor of Industrial and Systems Engineering, 
North Carolina State University (see page 12 for bio)
Discussant: Sarah Root (PhD), Assistant Professor of Industrial Engineering,  
University of Arkansas
Sarah Root’s research interests are in applied large-scale optimization, with emphasis on problems arising in 
transportation, logistics, and healthcare. She is particularly interested in problems that arise in the intersection of 
logistics and healthcare. She joined the University of Arkansas faculty in 2007 after completing her PhD at the University 
of Michigan.
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Noon-12:30 p.m.: Wrap-Up – Understanding Each Other
  
Speaker: Steve Witz (PhD), Director of Regenstrief Center for Healthcare Engineering,  
Purdue University
Steven Witz is the Director of the Regenstrief Center for Healthcare Engineering at Purdue University and holds the 
St. Vincent Health Chair for Healthcare Engineering. He joined the Regenstrief Center in 2006 after a 26-year career 
as a healthcare administrator in both community hospital systems and academic medical centers. In conjunction with 
administrative responsibilities, Steve has held academic positions at the University of Minnesota, University of Utah,  
Brigham Young University and Purdue University where he is a Clinical Professor in Health Sciences.
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Notes
The Healthcare Engineering Alliance (HEA)
First Annual Healthcare Engineering Symposium
on the Interface of Health Services Research and Healthcare Engineering
Organized locally by:
North Carolina State University Edward P. Fitts Department of Industrial and Systems Engineering
North Carolina A&T State University Department of Industrial and Systems Engineering










The Healthcare Engineering Alliance (HEA)
First Annual Healthcare Engineering 
Symposium
The Interface of Health Services Research and 
Healthcare Engineering
April 6-8, 2008
Radisson Hotel Research Triangle Park,
Research Triangle Park, NC
1
Local Organizers
? North Carolina State University: Edward P. 
Fitts Department of Industrial and Systems 
Engineering
? North Carolina A&T State University: 
Department of Industrial and Systems 
Engineering
? University of North Carolina at Chapel 
Hill: Cecil G. Sheps Center for Health 
Services Research
2
The Healthcare Engineering Alliance
? North Carolina A & T State University
? North Carolina State University
? Purdue University
? University of Arkansas




North Carolina State University, Edward P. Fitts
Department of Industrial and Systems Engineering
The University of North Carolina at
Chapel Hill,  Cecil G. Sheps Center for 
Health Services Research
North Carolina State University,
College of Engineering
4
ISE Health Systems Engineering






















? Poster Sessions at Break (Rooms D, E)




◦ Questions and comments from audience
? Sessions
◦ Monday AM1, AM2, Lunch, PM1, PM2, Dinner




The Interface: Health Services 
Research and Healthcare Engineering
? What do we have in common?
? What is our common agenda?
? How can we best collaborate?
◦ In research
◦ In academic programs
◦ In institutionalized delivery
? Most importantly, how do we impact health 
care?





















































National Academy of Engineering






*excludes PGA’s Associateship and Fellowship Panels, and TRB technical committees
NRC Volunteers* 5908
NRC Committees* 574
Staff (December 2007) 1,116
Total Budget (CY 2007) $247.9M
Regular Program (CY 2007) $164.3M
Reports 199
3
1999—The Institute of Medicine Published
To Err is Human
44,000 to 98,000 die annually
and over one million are injured
from medical errors
2000—Patient safety had become    
a national concern
2002—Joint Commission for the
Accreditation of Healthcare 
Organizations (JCAHO)
Required all hospitals to 
implement 11 new safe practices 4
2001—The Institute of Medicine Published
Crossing the Quality Chasm
• Safe







How well does our health care system 
meet those six Objectives?
Unfortunately, the answer is 
--less than is desirable.
6
2State of the System
Safety failures--1 million injuries annually
Knowledge—Practice Gap
Waste, Inefficiency, Spiraling Costs—“30 to 40 cents of 
every health care dollar covers costs of system failures         , 
poor communications and inefficiency” = $480 billion/yr
Health care costs rising at double digit rates
Growing uninsured population ~ 45 million in 2006  
Revenue squeeze on care providers
7
•Rapid Advances in Medical Science and Technology
Increased Complexity of Health Care Delivery
•Cottage-Industry Structure
Large Fraction of Physicians are in IPAs
•Acute vs Chronic Care Orientation
Some Contributing Reasons:
- . -  
Aging Population
•Lack of Understanding of Quality and Productivity  
Few Examples of Success
•Persistent Underinvestment in Infom./Comm. Tech.
Difficulty in IT Beyond EMR and CPOE Systems
8
Many Engineering Contributions to Medical 
Technolog Through Bioengineering, Materials, etc.
There has been no Concerted Effort to Exploit 
Engineering Tools to Improve Quality and 







There Is Engineering Content in Each of These
• Efficient
• Equitable
How do we go about Encouraging Engineers and 
Health Care Professionals to Look Seriously
at the Possibilities for Utilizing Engineering Tools?
10
A Small Work Shop Recommended
That a Full Scale Study be Under-
Taken to Answer that Question. 
This led the NAE and IOM to
“Building A Better Health Delivery System
A New Engineering/Health Care Partnership”
Undertake an Effort that 
Culminated in the Report
11
The Committee—Equal Health Care Professionals and Engineers  
Three workshops—Presentations by Experts in Health Care and 
Relevant Engineering Activities
Findings—Engineers have the Capability to Make a 
Significant Contribution
—Few Providers of Health Care are Aware of
Relevant Engineering Tools
—Few Engineers Understand the Issues that 
Health Care Confronts
Report has Sought to Provide some Insight to the above and to 
Recommend How to Improve the Situation
12
3The overwhelming conclusion was
Ways must be found to effectively apply system
engineering tools to dramatically improve the
efficiency of the health  care delivery system.
Productivity and the efficiency of the system
must be enhanced  .
Why engineering?
Engineering has a long history of dealing 
with large, complex, distributed systems.  
13
Presented a Special Challenge
The “healthcare delivery system” was not designed
Central focus for the study became the SYSTEM
       
as a system and does not operate as a system—
with few exceptions it is a collection of discrete 
entities that tend to operate largely independent 
of each other—the “silos.”  Thus the term “Cottage
Industry.”
14




•Framing the Health Care Challenge
•Equipping the Patient and the Care Team
•Engineering Tools and Procedures
•Information Technology for Clinical Applications
and Microsystems
•Barriers and Incentives to Change
16
Examples of the application of system engineering 
tools to health care delivery issues
Scheduling of personnel & capital equipment
Flow of patients through a facility
Simulation of an operating room
Supply chain management of resources-    
Statistical process control of operations
Knowledge discovery in large data bases
Financial engineering tools for risk management




Three Families of Systems Tools for Use at Different 
Levels of the HC System:
•Systems Design
•Systems Analysis





Patient   Team    Org.  Envir.
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Patient   Team    Org.  Envir.
X                 X               X                     
Scheduling X               X               
21
Barriers to Implementation
•Inadequate Information and Information Tech.
•Policy and Market 
Crying NEED for Good DATA!
•Organization and Managerial 
•Educational
22
From Electronic Medical Records (EMR) and
Computerized Physician Order Entry System (CPOE)
Information and Communication Systems
to
National Health Information Infrastructure (NHII)
23
Elements of a NHII











5Microelectronic Systems and Emerging Modes of
Communication
•Making Every Room an Intensive Care Unit
Wireless Integrated Microsystems for Health Care
•Advancing Patient Self Care  -
•Therapeutic Uses




No intention of making engineers clinicians
nor
of making clinicians system engineers
What is Needed   
Engineers who understand the constraints of the
health care system
Clinicians who know what questions to ask and
what to do with the answers 
26
How do we Accelerate Change?
Recognize Barriers—Education of both the Health
Care Professionals and Engineers Need to
Change
Platforms Must be Provided for Interdisciplinary
Research, Education and Outreach
Aggressively Attack Short-term Opportunities
27
Actions to promote development, adaptation,
and use of systems engineering tools
3rd party payers to incentivise tool use
Systems Engineering Agenda—Recommendations
Expand/coordinate outreach & support
New educational materials
Increase public/private support for R,D&D 
28
Increase public/private support for R,D&D
Establish multidisciplinary centers at institutions 
of higher learning capable of bringing together 
researchers, practitioners, educators, and students 
from relevant fields to
C d b i d li d h h• on uct as c an  app e  researc  on t e
system challenges to health care
• Demonstrate and diffuse the use of these
tools, technologies and knowledge
• Educate and train a large cadre of current 
and future health care and engineering 
professionals
29
30 – 50 Multidisciplinary Centers
Geographically Distributed
$3.25 M Annual Ave. Core Support for each Center
Annual Total Core Funding between $100M
and $160M
Support for 240-400 Faculty and 700-1200 
Engineering & Medical Graduate 
Students Annually
30
6Design and build NHII for the future and insure an 
evolving network capable of incorporating WIMS 
and other next-generation functionality/tech.
Advance standards, interoperability, and reduce 
b i i l i
Information/Communications Technology Agenda
Recommendations
arr ers to mp ementat on
Research, development & demonstration
Human-information/communications technology 
system interfaces
Improve interoperability and connectivity of syst.
Software dependability
Secure, dispersed, multi-agent databases 
31
Study Committee
• W. Dale Compton, PhD, 
Cochair, Purdue Univ.
• Jerome Grossman, MD, 
Cochair, Harvard
• Rebecca Bergman, Medtronic
• John Birge PhD Univ of
• Carol Haraden, PhD, IHI
• Richard Migliori, MD, 
United Resource Networks
• Woodrow Myers, MD, 
WellPoint
• William Pierskalla, PhD, 
 , , .  
Chicago
• Denis Cortese, MD, Mayo 
Clinic
• Robert Dittus, PhD, 
Vanderbilt Univ.
• G. Scott Gazelle, MD, MGH
UCLA
• Stephen Shortell, PhD, UC 
Berkeley
• Kensall Wise, PhD, Univ. 
Michigan
• David Woods, PhD, Ohio 
State Univ.
32
Sponsors for the NAE/IOM Study
National Science Foundation
National Institutes Health
Robert Wood Johnson Fo ndation   u
33
A Few Words About Where We Are Now       .
34
H. R. 1467--National Science Foundation
Finding—no systematic plan exists for designing 
and implementing system and information tools
and for ensuring that the healthcare workforce can
make the transition to the information age.
“Information” means healthcare information
(a) Grants--$3.5M in fiscal 2008
(b) Informatics Multidisciplinary Research Centers
$4.5M in fiscal 2008
(c) Capacity building grants for students in 
undergraduate and masters program--$9.0 in 2008
35
H.R. 2406—National Institute of Standards & 
Technology
Develop standards . . .necessary to increase efficiency, 
quality of care and lower costs in the healthcare industry
Ensure that all components of healthcare infrastructure 
can be a part of an electronic information infrastructure
Establish healthcare information enterprise integration
Establish healthcare information enterprise integration 
research centers at institutions of higher learning
36
7Other Initiatives
New PhD program in Health Informatics—UVA
Subsidization Private Health IT by State of New Mexico
Treatment of Traumatic Brain Injuries—NAE/IOM    
Army Medical Research &Material Command
Regenstrief Center for Healthcare Engineering—Purdue




To promote the technological welfare of the nation 
by marshaling the knowledge and insights of 
eminent members of the engineering profession.
The IOM Mission
The Institute of Medicine serves as adviser to        
the nation to improve health.  
*  *   *   *
As independent, scientific advisers, the Academies 
strive to provide advice that is unbiased, based 
on evidence, and grounded in science.v
All Academy reports can be found at www.nap.edu 38
39
1The Interface of Health Services 
Research and Healthcare 
Engineering:  
What is Health Services 
Research?
Eugene Oddone, MD, MHSc
Center for Health Services Research in Primary Care, 
Durham VA Medical Center and 






? Focused Examples 
? Recommendations/Discussion
2



















Reduced infectious disease 
mortality (clean water, 
sewers, antibiotics, better 
nutrition)
3
Fundamental Concepts in HSR
?Where does healthcare occur?
? How is healthcare delivered?
? How much does it cost?    
? How can we make care better?
4
Ecology of Medical Care: Prevalence of Illness 
and Health System Contacts
White K, et al. N Engl J Med 1961;265:885
5
Ecology Revisited: Prevalence of Illness Health 
System Contacts
Green L et al. N Engl J Med 2001;344:2021-20256
2But our health care system 
provides great care, right?
7
Quality of Healthcare in the U.S.
McGlynn E et al. N Engl J Med 2003;348:2635-2645
8
Cardiac Catheterization among Medicare Patients 
with Myocardial Infarction
McNeil B. N Engl J Med 2001;345:1612-1620
9
Variability in Performance of
Quality Indicators for Patients with MI
O'Connor, G. T. et al. JAMA 1999;281:627-633.
10
Rates of Knee Arthroplasty among Medicare 
Eligible Patients
Skinner J et al. N Engl J Med 2003;349:1350-1359
11
In-Hospital or 30-Day Mortality among Medicare Patients 
according to Quintile of Total Hospital Volume
Birkmeyer J et al. N Engl J Med 2002;346:1128-1137
12
3Institute of Medicine Reports
13
h f i hWe get w at we pay or, r g t?
14




–2002: 40 million 
–2030: 77 million  
–N Engl J Med 2001;344:928–31
? Worker : beneficiary ratio
–2002: 4.0 : 1
–2030: 2.3 : 1
–2070: 2.0 : 1
–www.whitehouse.gov 16
Life Expectancy vs. Spending
UC Project for Global Inequality
17
The Cost of a Long Life
U.S.

































†The World Fact book, CIA19
Fundamental Concepts in HSR
?Where does healthcare occur?
? How is healthcare delivered?
? How much does it cost?    
? How can we make healthcare better?
20
Health Services Research
Health services research (HSR) is a 
multidisciplinary field of basic and 
applied inquiry that examines 
access, use, costs, quality, delivery, 
organization, financing, and 
outcomes of health care services. 
21


















Health Services Researchers Address 
Issues Such as:
• Evidence based care
• Clinical practice performance
• Access to care
• Delivery of care
• Outcomes of care
• Patient preferences
• Resource allocation and health policy
• Organization re-engineering
• Technology assessment 23
Health Services Research Studies
? Utilize a wide variety of research methods
– Randomized, controlled trials
– Large secondary database analyses
– Qualitative methods
– Advanced statistical techniques
– Psychometrics
– Econometrics
? Emphasis on translation to practice
24
5Tension between Discovery Science 


















































































Timeline 15 years 26
Translational Research
Copyright restrictions may apply.
Westfall, J. M. et al. JAMA 2007;297:403-406.
27
Models in Health Services Research
? HSR studies are model driven
– Rooted in psychology and systems 
research
– Describe relationship between 
independent and dependent variables
– Enlighten focal points for interventions




– Social Cognitive Theories 
• Health Belief, Transtheoretical
? Provider
? System
– Chronic Care, Access to Care
29





e.g. Chronic Care Model
Evidence-Based Guidelines








e.g. Learning Collaboratives Adapted from material presented by Edward H. Wagner, MD, MPH31
Improving Blood Pressure 
Control in Primary Care: 
Translating Evidence to Practice
•Veterans Study to Improve The Control
of Hypertension (V-STITCH)























TREATMENT  ADHERENCE 
Medical Environment
Bosworth HB, Olsen MK, Oddone EZ. 
(2006). Am Heart J 149:795-803.l
Bosworth HB & Oddone EZ. (2002).  
J Nat Med Ass. 94; 236-248
Mental Health
BLOOD  PRESSURE  CONTROL 
Beliefs about Therapy
33




















R 2 R 2
34

































Time Effect: P=.01 Group*Time Effect: P=.11
36








































? A brief telephone intervention improved 
BP control by 21% at 24 months; a 
12.6% improvement compared to the 
non-nurse group
? Computer Decision Support did not 
improve BP control rates at 24 months
? No increase in clinic utilization
38
HINTS Study:  Design
Usual Care
? PCP drives management, no special program
Tailored Behavioral Phone Intervention
? Home BP monitoring evaluated by nurse
? Tailored behavioral modules
Medication Management (ATHENA) Phone Intervention
? Home BP monitoring evaluated by nurse
? Medication management implemented by study MD/RN
Combined Intervention
? Home BP monitoring evaluated by nurse
? Medication management/tailored behavioral modules 39
Facilitating Complex Studies…
40
Home Readings: Console View
41
RN:MD Dialogue for Medication Change
42
8Where is the space that we can engage?
• We are not delivering optimal quality care
• Our health care is inefficient and 
expensive
• Reductions in inappropriate care and 
more attention to evidence based 
guidelines may save lives and lower cost
• ? Similarities with Japanese Industry 
post-WWII, pre-Deming?
43
“Knowing is not enough; we must apply.
Willing is not enough; we must do.”
G-- oethe
44
1Why Does VA Health Services 
Research Care About Healthcare    
Systems Engineering?
Seth Eisen, MD, MSc
Director, VA Health Services Research & Development
April 7, 2008
Diabetes Quality of Care Indicators in 
VA & Managed Care Systems
VA (%) CMC (%)
Ann Eye Exam 91 75*
Ann HbA1C 93 83*
Ann Lipid Scng 79 63*
Ann Foot Exam 98 84*
Ann Proteinuria Scng 92 81*  
Influenza Vaccination 72 64*
BP < 140/90 53 52
BP < 130/85 29 29
HbA1C < 8.5 83 65*
LDL < 100 mg/dL 52 36*
CMC = Commercial Managed Care * = statistically significant
Kerr et al. Annals Internal Med 2004;141:272. 
Satisfaction Scores of Diabetes Patients 
Cared for by VA or CMC Systems 
Satisfaction Criteria VA (%) CMC (%)
Receiving Needed Care (max=6) 5.5 5.6
C t H l f l St ff 5 3 5 4our eous, e p u  a  (max=6) . .
Physician Communication (max =12) 10.5 10.5
Overall Quality of Diabetes Care (max=5) 4.1 3.8*
CMC = Commercial Managed Care * = statistically significant
Kerr et al. Annals Internal Med 2004;141:272. 
American Consumer Satisfaction 
Index (ACSI)
• Produced by Nat’l Quality Research Center, U of Michigan,
• Telephone interviews of ~ 80k Americans annually, 
• Measures satisfaction for > 200 companies in 43 industries, 
Patient Group VA Non-VA Hosp1
Inpatients 83 77
Outpatients 83




• Serve ~ 5.3 million vets annually, (↑ from 
3M in 1995)
• 153 Hospitals, 900 Free Standing Clinics, 
135 N i H urs ng omes,
• 210 Readjustment Counseling Centers,
• Trained ~ 1/3 of all practicing MD’s,
• ~ $36 Billion budget.
200,000 Employees
• Nurses 55,000 
• Physicians 15 000,  
• Pharmacists 4,500
• Dentists 1,000 





FY '97 FY '99 FY '01 FY '03 FY '05 FY '07
1,000’s
No. of Outpatient Encounters







FY '97 FY '99 FY '01 FY '03 FY '05 FY 2007
Four research branches within VA Office of 
Research & Development (ORD):
• Biomedical Laboratory R&D Service (BLR&D)    
• Clinical Science R&D Service (CSR&D)
• Rehabilitation R&D Service (RR&D)
• Health Services R&D Service (HSR&D)
3VA is an Intramural 
Research Program
• Unlike NIH & DoD, VA has no statutory 
authority to make research grants to non-
VA entities,
• PI’s must be employed by VA,
• Co-investigators may be non-VA,
• Research objectives are “veteran centric”
o Post deployment health
o Complex common diseases
o Women’s health
o Access to care
VA Research Budget
VA NIH Equiv
• ORD1 ~ $500m 2 ~$900m
• HSR&D ~ $ 90m 2 ~$160m  
• 1 Office of Research & Development
• 2 excludes overhead & MD salaries
The VA is for Researchers 
Who Love Data  
Data Added to VHA Computer 
Database
• Progress Notes,
Information Characteristic Added per Workday Added in 2006
• Discharge Summaries +638k 874 M
• Orders +955k 1.65 B
• Images +884k 590 M
• Vital Signs +729k 1.06 B
• Inpt Meds Administered +607k 850 M 
Statistics through December 2006
4Summary of VA Strengths
• Tradition of quality improvement,
• National health care system,
• Electronic medical record with extensive 
data,
• Strong research tradition, outstanding 
researchers, research funding,
• Integrated organizational structure that 
facilitates implementation. 
Healthcare Systems Engineering 
Relevant Research Initiatives
• Center for Scientific Computing (CSC),
• Consortium for Health Informatics 
Research (CHIR),
• Provider education to improve patient 
outcomes.
Center for Scientific Computing 
(CSC)
• Relevant data commonly in > 1 location,
• Multiple permissions required for access,
Barriers to Researcher Data Access
• Restricted use of EHR for research 
analyses,














VA Research & IT 
Provide CSC 
Oversight
Advantages of CSC Concept
• More data available than ever before,
• Data security & privacy will be enhanced because 
of remote access structure,
• Real time mirror with clinical data will permit real 
time clinical application & decision support 
research,
• Availability of text data will greatly broaden 
research potential,
• Computing power will permit complex modeling,
• Technical computer advances will be rapidly 
available for use,
• Rapid sharing & dissemination of informatics 
products will facilitate research progress.
5Consortium for Healthcare 
I f ti R h (CHIR)n orma cs esearc  
Barriers to Informatics Research
• No prior research emphasis on informatics,
• Informatics expertise dispersed across VA 
research sites,
• Substantial health information in text data 
format: 
o physician, nursing, pharmacist progress notes,
o radiology, pathology, cardiology reports,
o bacteriology antibiotic sensitivity data, 
o hospital discharge summaries,
o adverse event descriptions.
Medical Informatics 
Research Initiative
• Create a virtual informatics research consortium,
• Extract, cleanse, reformat, de-identify text,
• Prepare text for data mining (e.g., map text to 
standardized terminology identify temporal ,   
relationships, create security & application 
standards 
• Apply text processing to clinical issues,
• Encourage non-consortium investigators to develop 
informatics research projects that include text data.
Provider Education to Improve 
P ti t O ta en  u come
Barriers to Education Research
• Inadequate theory, no systematic approach,
• Inadequate measures,
• Inadequately tailored to teacher & learner,
• Disease focused,
• Emphasizes knowledge acquisition,
• Minimal link to health outcomes,
• No continuous feedback loop of educational 
reinforcement,
• Not embedded into daily practice of providers.
“Consortium of VA 
Education Expertise”
• CSC - health data & computing power,
• CHIR - text processing,
• Participation by Office of Academic     
Affiliations (OAA), and Employee 
Education System (EES),
• HSE - systems concepts, human / 




• Simulation & computer modeling using the VA’s 
massive databases,
• Develop new, data driven outcome measures,
• Develop automated, real time, surveillance & 
decision support ,
• Perform human factors engineering,
• Evaluate human-computer interactions & interfaces,
• Facilitate large scale intervention research projects,
• Education research for performance improvement,
• Imbed education feedback into ubiquitous 
computers.
Healthcare Systems 
Engineers & Health Services 
Researchers: Committed to 
Keeping Us Whole
Washington Staff
• HSR&D – Merry Ward, Kate Bent,
• OAA – Malcolm Cox
• EES – Melissa Scherwinski
• Primary Care – Michael Mayo-Smith
• System Redesign Michael Davies
Developers of Concepts
  –  
• OI&T – Jack Bates
Researchers
• Nashville – Ted Speroff, Steve Brown
• Indianapolis – Brad Doebbeling
• Salt Lake City – Johnathan Nebeker, Matt 
Samore
1Health Care and Engineering   




Family Introduction and Overview
? AHRQ and Health Services Research
? Herodotus, History and Hubris
? The Big Questions
? The Journey of 1000 Miles
The Mission
Improve the quality, safety, 
efficiency and effectiveness of 
health care for all Americans
Core Business
? Create Knowledge
? Synthesize and Disseminate
? Implementation
O? rganizational Excellence
2The Health IT Portfolio
? Support the Agency’s Mission
Three Broad Goals:
? Provide Engineered Clinical Knowledge
? Improve Medication Management
? Deliver Patient-Centered Care
Health Services Research
? Multidisciplinary
? Quality and Cost of Healthcare
? Quality and Quantity of life
Herodotus – student of 
history Clinical Engineers
? "A Clinical Engineer is a professional who 
supports and advances patient care by 
applying engineering and managerial skills to 
healthcare technology." -ACCE Definition, 
1992 
? Improve healthcare delivery by promoting the 
development and application of safe and 
effective healthcare technologies through 
public awareness and global advancement of 
clinical engineering research, education, 
practice and related activities.
Mechanistic Duck Hubris
3Shipwreck
Illumination The Big Questions
? Healthcare Fundamentals
? Process vs Systems
? The Five Whys
C? Links in the hain
? Great Examples
– VA, Kaiser
– Replicability and Extensibility
What’s it all about? What’s It All About?
4Begin The Journey
? Ask the right questions
? Use your tools wisely
? Say “interdisciplinary” like you mean it
In Summary
? AHRQ and Health Services Research
? Herodotus, History and Hubris
? The Big Questions





























Emerging Frontiers in 
Research and Innovation
(EFRI)
Office of the Assistant Director
Deputy Assistant Director








































































































? Engineering discovery and innovation are crucial for 
addressing increasingly complex challenges 
touching every sector of society: 
? Health,




? Engineering makes important contributions to 
almost all disciplines
? NSF Engineering discovery, innovation and 
education are critical elements of the national 
agenda (e.g., America COMPETES Act and the 
American Competitiveness Initiative).
Engineering contributes at all scales. 
Examples are nanotechnology, 
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Average spending on health
per capita ($US PPP)
Total expenditures on health














Data: OECD Health Data 2005 and 2006.



































































































c2004 number for US from C. Smith et al., “National Health Spending in 2004: Recent Slowdown Led 
by Prescription Drug Spending,” Health Affairs, Jan./Feb. 2006 25(1):186–96.
a b b b bbc
















































$3,165 $3,158 $3,038 $3,005 $2,876



















































































http://www.commonwealthfund.org/ MIRROR, MIRROR ON THE WALL: AN INTERNATIONAL UPDATE ON THE COMPARATIVE 
PERFORMANCE OF AMERICAN HEALTH CARE  by Karen Davis, Cathy Schoen, Stephen C. Schoenbaum, Michelle M. Doty, 
Alyssa L. Holmgren, Jennifer L. Kriss, and Katherine K. Shea May 2007 18










OVERALL RANKING (2007) 3.5 5 2 3.5 1 6
Quality Care 4 6 2.5 2.5 1 5
Right Care 5 6 3 4 2 1
Safe Care 4 5 1 3 2 6





Patient-Centered Care 3 6 2 1 4 5
Access 3 5 1 2 4 6
Efficiency 4 5 3 2 1 6
Equity 2 5 4 3 1 6
Long, Healthy, and 
Productive Lives 1 3 2 4.5 4.5 6
Health Expenditures per 
Capita, 2004 $2,876* $3,165 $3,005* $2,083 $2,546 $6,102
* 2003 data
Source: Calculated by Commonwealth Fund based on the Commonwealth Fund 2004 International Health Policy Survey, the Commonwealth Fund 2005 
International Health Policy Survey of Sicker Adults, the 2006 Commonwealth Fund International Health Policy Survey of Primary Care Physicians, and the 
Commonwealth Fund Commission on a High Performance Health System National Scorecard. 19
















(2007 Edition) 3.5 5 2 3.5 1 6
OVERALL RANKING
* 2003 data
Source: Calculated by Commonwealth Fund based on the Commonwealth Fund 2004 International Health Policy Survey, the Commonwealth Fund 2005 
International Health Policy Survey of Sicker Adults, the 2006 Commonwealth Fund International Health Policy Survey of Primary Care Physicians, and the 
Commonwealth Fund Commission on a High Performance Health System National Scorecard.
  
(2006 Edition) 4 5 1 2 3 6
OVERALL RANKING 
(2004 Edition) 2 4 n/a 1 3 6
Health Expenditures per 
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Some Currently Funded Projects













(regulators, policy, insurance, 
consumers)
Network 














Final Report from the workshop Research 




























































Research Triangle Park, NC, US













Economic Evaluation and Health Care
• What is economic evaluation?
– Economic evaluation can be used to estimate the VALUE 
of a new (or existing) intervention
• How do we define VALUE?
2
– By considering the overall cost impact of the new 
intervention (including cost offsets) against the level of 
achievable additional health benefits 
Interdisciplinary Research












Why Do Economic Evaluation?
• Health care budgets are limited
• Decision makers cannot invest in all opportunities
• Knowing the value of competing interventions helps decision 
makers make informed judgements
• Examples:
4
– The CDC plans to award grants for HIV infection prevention.  Which 
interventions should they fund? 
– How will a managed care organization determine the formulary status 
of a new drug?
• More than 25 countries have requirements or formal guidelines for 
economic evaluation of health care technologies
Types of Health Economic Analyses
Analysis Cost Health
Cost-minimization Dollars Assumed equal for all treatments
Cost-consequence Dollars Lists various outcomes
Cost-effectiveness Dollars Single outcome (life-years, t f d )
5
symp om- ree ays
Cost-utility Dollars Well-being and mortality combined (QALYs)
Cost-benefit Dollars Dollars
Budget-impact Dollars (Total, PMPM, PTMPM) Lists various outcomes
PMPM = per member per month; PTMPM = per treated member per month; QALY = quality-adjusted life-year.
The Cost-Effectiveness Ratio
• Incremental Cost-Effectiveness Ratio (ICER)
– Additional overall cost associated with new intervention divided 
by additional overall benefit







– Provides a measure of value:  How much does one additional 
unit of benefit cost?
– Can be compared to willingness-to-pay:  How much are we 
willing to pay for one additional unit of benefit?
2Measuring Effectiveness
Clinical Efficacy
• Change in disease symptoms
Health Outcomes
• Symptom-free days gained
• The denominator of the ICER can be derived from the 
clinical efficacy of the new intervention  
7
   
• Change in life expectancy
• Change in overall well-being
• Combination measure 
  
• Life-years gained
• Utility gains (between 0 and 1)
• QALYs gained
ICER = incremental cost-effectiveness ratio; QALY = quality-adjusted life-year
Example QALY Calculation
• Suppose individuals with Disease A receiving standard-of-
care treatment (Intervention A) are expected to live for 
10 years with a utility value of 0.5
– 10 years x 0.5 = 5 QALYs
Suppose Intervention B
8
•   
– Extends life expectancy to 12 years
– Improves utility to 0.7 for a period of 5 years, after which utility 
returns to 0.5
• QALYs gained
– 5 years (0.7 – 0.5) + 2 years (0.5) = 2 QALYs
Capturing Total Costs (Numerator of ICER)
• Intervention Costs
– Drug, device, or other intervention cost
• Administration Costs
– Fixed costs to administer the intervention
Oth Di t M di l C C t
9
• er rec  e ca  are os s
– Costs for the care of individuals affected by the intervention
– Examples: inpatient, outpatient, lab test, and other drug costs 
for care related to the condition or adverse events
• Indirect Costs
– Costs for lost productivity due to morbidity or mortality






Costs more, less effective.
Quadrant 1.
New intervention costs more, 
more effective. Implement if 







Costs less, more effective.
Quadrant 3.
New intervention costs less, 
less effective. Implement if 
ICER > $50,000 per QALY.
Willingness-to-Pay Threshold (Typically $50,000 per QALY in the US)
Cost-Effectiveness Models 
• Modeling is often necessary when direct observation is 
insufficient for estimating effectiveness
• Models can
– Extend beyond clinical trial period
– Include standard-of-care comparator if not in trial
12
      
– Account for differences between trial and clinical practice
– Allow derivation of health outcomes from clinical endpoints
– Gather data from a range of sources into a single framework
• Models may include decision analysis, regression, 
Bayesian analysis, and/or life-table analysis
3Reference Case
• Panel on Cost-Effectiveness in Health and Medicine
– Convened in 1993 by the US Public Health Service
– Developed recommendations to improve the comparability and quality 
of CE studies across a broad range of conditions and interventions
• Recommendations for the Reference Case
13
– Societal perspective, including costs to all entities
– Health effects measured by QALYs  
– Future costs and outcomes discounted (3% per year)
• Recommendations for Presentation of Results
– List costs, health outcomes, and ICERs
– Provide base-case results with sensitivity analysis
Cost-Effectiveness Example
• Cost-effectiveness of 
darunavir, a new protease 
inhibitor (PI) for HIV treatment
• Markov model with 5-year time 
horizon and 3-month cycle 
length
14
• Transition probabilities 
calculated from clinical trial 
data
• Sample transitions shown for 
CD4 cell-count health state 
201-350
Cost-Effectiveness Example: 5-Year Results
Darunavir Available PIs















Total costs $207,322 $205,495
Incremental Cost-Effectiveness Ratios (Darunavir vs. Available PIs)
Incremental cost per life-year gained
Incremental cost per QALY gained
$6,211
$4,647
• $4,647 per QALY is much less than the typical US cost-
effectiveness threshold of $50,000 per QALY
• Conclusion: Darunavir is cost-effective compared to available PIs
Wrap-Up
• Cost-effectiveness analysis can provide a measure of 
VALUE for a new intervention
– Imperfect but useful tool decision makers can use, along with 
other evidence, to make informed judgments when facing 
limited budgets
16
• Incremental cost-effectiveness ratios (ICERs) are 
calculated by dividing the change in total costs by the 
change in a particular health outcome
• New interventions are typically considered cost-effective in 
the US if the ICER is less than $50,000 per QALY gained
Suggested Reading
• Books
– Basic User Guide: Drummond MF, Sculpher MJ, Torrance GW, et al. Methods for 
the Economic Evaluation of Health Care Programmes. New York: Oxford University 
Press; 2005.
– Detail and Theory: Gold MR, Siegel JE, Russell LB, et al. Cost-effectiveness in 
Health and Medicine. New York: Oxford University Press; 1996.
• Articles
17
– Drummond M, Brown R, Fendrick AM, et al. Use of pharmacoeconomics 
information—report of the ISPOR task force on use of pharmacoeconomic/health 
economic information in health-care decision making. Value in Health 2003; 
6(4):407-16.
– Weinstein MC, O’Brien B, Hornberger J, et al. Principles of good practice for 
decision analytic modeling in health-care evaluation: report of the ISPOR task force 
on good research practices—modeling studies. Value in Health 2003;6(1):9-17.
– Three articles in JAMA from the Panel on Cost-Effectiveness in Health and 
Medicine: One article in each of issues 14, 15, and 16 (Volume 276, 1996).
1Cost-Effectiveness Analysis
Putting it in context
Peter J. Fabri MD, PhD
Professor of Surgery and Professor of Industrial Engineering 
University of South Florida
1
2001 Institute of Medicine Report
Across the Quality Chasm
?Health Care Should Be:
– Safe   (sometimes)
– Effective  (sometimes)






?What would you think if I told you
– More people die per year in the US from 
medical error than on the highway
• Safety
– Healthcare costs (the largest expense in 
the US at $2 trillion) could be reduced by 
as much as 50% if we could improve how 





? “The quality and cost of health care have 
suffered mightily from the lack of meaningful 
results information”
?“It is striking that in a field so preoccupied 
with cost, the understanding of cost is often 
so primitive”
? “Data on results are rarely available…. There 
is essentially no information at all on 
diagnostic effectiveness or its cost….
Porter ME, Teisberg EO.  “Redefining 
Health Care”  2006
4
The Many Faces of Quality
Cost
How an engineer looks at quality.
Effectiveness
5
The Blind Men and the Elephant
How a physician looks at quality.
John Godfrey Saxe (1816-1887) 
6
2Problems with Scope of Analysis
Cycle of Care
“Disease” Onset “Disease” Resolution














Problems with Cost Estimates
? Usually “episode” limited
? Usually “specialty-focused” not global
? Cost versus charge inconsistency
? Direct costs versus indirect costs
? Current costs versus delayed costs
? Cost of intervention versus cost of 
complication
8
Problems with Effectiveness Estimation
? Limited follow-up
? Incomplete documentation
? Conflict of interest
? Observer bias
? Poor definition of desired o tcome    u
? Focus on surrogate outcomes
? Qualitative versus Quantitative perspective
? Lack of agreement on goal of treatment




? Divide one uncertain number by 
another uncertain number and the total 
uncertainty could become infinite.
? Until we have better ways to measure 
costs and effectiveness over the cycle 
of care, we may only be measuring  




The Concept of Early Hospital Discharge
? Traditionally, patients were kept in the hospital until 
care requirements ended
– often full episode and perhaps even full cycle of care
– Aggregate hospital costs included high-cost days and low-cost 
days
? Early discharge with home care resulted in higher 
it ( t ) d h t taverage acu y grea er revenue  an  s or er s ay 
(lower cost)
– Families had to stay home from work (lost wages)
– Visiting nurses had to travel long distances (cost shifting)
– Complications were not documented in the medical record 
(concealed costs/decreased effectiveness)
– Readmission isn’t counted in the apparent cost (incomplete data)




? Healthcare engineers should:
– develop standardized definitions of costs




– distinguish between cost saving, cost 
shifting, and cost trade-off
– develop acceptable methods of outcome 
assessment and reporting 














? Reliable data will result in reliable 
models
? Reliable models will result in rigorous 
analysis
? Rigorous analysis will result in quality 
improvement







Brad Doebbeling MD, MSc
VA HSRD Center of Excellence
Regenstrief Institute, Inc.
IU School of Medicine & Purdue University
Indianapolis, IN
Goals for Today
• Need for Better Healthcare Systems
• Conceptual Frameworks 
• Examples of Recently Funded 
Research Projects
Need for Better Healthcare 
Systems:
“We are carrying the 19th
century clinical office into    
the 21st century world.  It’s 
time to retire it.”
Donald Berwick, MD

















Peter Woodbridge, MD, MBA
Lean Implementation
• Lean--a generic process management philosophy 
directed at smoothing flow and eliminating waste
• Incorporating implementation science as framework 
to design, measure, change culture, spread and 
sustain
• Positive deviance from complexity science to 
discover known solutions from participants and their 
solutions to spread
• Bottom up, inside out, asset based
• “DO WHAT you CAN, WITH WHAT you HAVE, 
WHERE you ARE.”
Woodward Hagg, H., Doebbeling, B.N., et al. Advances in Patient Safety:
New Directions and Alternative Approaches (in press, 2007) 
Pascale & Sternin. Your company’s secret change agent. Harvard Bus Review, 2005
Singhal, A. & Greiner K., A Quest to Eliminate MRSA at the Pittsburgh VA, Plexus Institute, 2007
Indy Balanced Scorecard 
Performance
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Peter Woodbridge, MD, MBA
2Implementation & 
System Redesign
Improving Patient Handoffs in VA Medicine and 
Nursing Services
• The specific aims :
• Aim 1:  Identify barriers and facilitators to 
effective handoffs in the social, linguistic and 
technological contexts in which they take 
place. 
ff• Aim 2: Determine how variations in hando  
processes lead to “near misses” and adverse 
outcomes.
• Aim 3:  Foster adoption of safe and effective 
practices based upon the findings among 
participating units.
VA HSR&D IIR, Fundable Score, Frankel, Doebbeling, Saleem,
Flanagan, Karnieli-Miller, Welsh
































Hagg, Kho, Dexter, Doebbeling for MRSA Collab
Current State Process Map and Action 
Plan Developed for the Contact 
Isolation Processes in Hospital C
Future State Process Map and Action 
Plan Developed for the Contact 
Isolation Processes in Hospital C.
An Operational Citywide Electronic 
Infection Control Network: Results 
from the First Year
• We currently track almost 17,000 
patients with a history of MRSA 
infection or colonization across the 
Indianapolis region.  
• Since May 2007, delivered 2698 
admission alerts on patients with a 








percent were based on data from 
another institution.  
• Our system delivers alerts to 20 
infection control providers (ICPs) 

































Kho, Lemon, Dexter, Doebbeling (submitted, AMIA, 2008)
3Initial Outcomes
• Marked improvement in reliable use of 
key processes of care
• Reduction in MRSA cases
• 60% reduction in study units
• 20-25% reduction hospital wide
Epidemiology of MRSA Risk & 
System Redesign Spread to Prevent 
MRSA in a Community Network
• Extension of Indianapolis MRSA implementation 
collaborative to foster further implementation and 
spread of the system redesign initiatives
• Investigate Healthcare Associated, Community-   
Acquired MRSA
• Further develop the informatics and data sharing 
efforts with CDC’s National Healthcare 
Surveillance Network and Regenstrief Institute’s 
informatics biosurveillance initiative.
Informatics Tool Development for 
MRSA Data Mining and Surveillance
Specific Aim 1. Identify informatics use cases for 
electronic clinical and microbiologic data to support 
VHA’s MRSA initiative. 
Specific Aim 2. Develop and evaluate a surveillance 
reporting system using text mining for the capture of 
critical information on VA patients’ MRSA history.
Specific Aim 3. Deliver data on MRSA status from our 
electronic database via secure e-mail to participating 
institution’s key staff using electronic “triggers” to 
rapidly inform decisions on need for isolation.  
Specific Aim 4. Assess the usability and effectiveness of 
this informatics tool to support the VHA MRSA initiative.  
Merchant, Friedlin, Brandt, French, Samore, Doebbeling 
for VA Healthcare Informatics Research Collab.
Applying informatics 
to improve practice




















Saleem, Flanagan, Doebbeling, Yano 




Provider documents care 
using SQUIDDS reminder 
dialog templates in CPRS
Embedded guidelines remind providers  of 
best practice interventions  
Checkbox options provide automatic 
ordering of best practice interventions 
(diagnostic tests)
Checkboxes prompt implementation and 
documentation of best practice 
interventions 
Patient specific decision support in CPRS 
via Alerts and Reminders











reports to providers 
via E-mail
Query reports for benchmarking 
aggregate data within and outside 
VHA system
Track and trend compliance with 





Store on network 
drive 


















17” monitor & player for
Jason Saleem’s Office
- VA LAN OUTLET




“Implementing and Improving the 
Integration of Decision Support into 
Outpatient Clinical Workflow”
• Identify key approaches for effective clinical 
decision support integration into clinical workflow
• Colorectal cancer screening reminders
• 2 VA sites (West Haven & Salt Lake City)
• 2 nationally recognized health information technology      
sites  (Regenstrief Institute & Partners Healthcare in 
Boston)
• Multimethod implementation research
• direct observation, key informant interviews, simulation 
modeling in human-computer interaction lab, local 
implementation of improved prototype
Project status:  funded  by AHRQ ($400,000), underway, 
completed first site visits
Haggstrom, Saleem, Hagg, Doebbeling
VA-INPC Data Link
“a full view” of colorectal cancer care 
received by Indianapolis veterans
INPC (Indianapolis Network for Patient Care)
– citywide clinical informatics network organized by patient
– clinical data about 1 patient from almost all institutions in greater 
Indianapolis can be viewed in a single virtual medical record:
• Regenstrief Medical Record System (Wishard public hospital)
• Clarian (Indiana University Hospital and Methodist Hospital)
• Community, St. Vincent, and St. Francis health systems       
1. Determine the impact on VA performance of CRC screening and 
surveillance when VA and INPC data are linked.
2. Estimate to what extent unnecessary testing for CRC surveillance 
occurs when VA and INPC data are linked.
Support:
• Haggstrom --VA Young Investigator Award from Indy VA R&D
• DoD Warfighter grant to expand to other cancers, processes of care
Haggstrom, Jones, Rosenman, Doebbeling
AHRQ CDS Consortium Proposal
research objectives
• Knowledge management lifecycle
• Knowledge specification
• Knowledge Portal and Repository
• CDS Knowledge Content and Public Web Services 
• Evaluation









4. CDS Public 
Services and 
Content
5. Evaluation Process for each CDS Assessment and Research Area 
6. Dissemination Process for each Assessment and Research Area
Middleton, Overhage, Sittig, Bates, Doebbeling
K. Dixon. Common Knowledge.
Modeling and 
Visualization
Simulation-based Planning Model for Mental Health 
Care Services
• construction of client flow simulation models, and 
using these models to facilitate collaborative 
planning
• construct models representing transitions from 
inpatient to outpatient services and from day       
treatment to other less intensive community-
based programs
• two components of client flows incorporated: 1) 
actual client movements, and 2) client 
functioning level transition patterns
Recently Funded VA HSR&D IIR: Doebbeling, Hagg, Salyers, Lawley
5Readiness for Innovation and Potential 
Benefits of the Planning Approach
Conditions Facilitating Innovation 
Implementation
(Greenhalgh, et al. 2004)
Contribution of Planning 
Approach
Tension for Change The staff and administrators perceive that 
the current situation is intolerable
Clear display of the extent of veterans staying in 
more intensive care settings than necessary by 
simulation demonstration
Innovation-System Fit Fits with the organization’s existing 
values, norms, strategies, goals, skill mix, 
supporting technologies and ways of
Solutions to the problem will be generated 
though consensus building, ensuring fits 
between system and proposed solutions ,    
working
    
Assessment of Implications Implications of the innovation (including 
its subsequent effects) are fully assessed 
and anticipated
Policy scenario analyses in simulation 
experimentation project consequences of 
potential solutions
Support and Advocacy Supporters of the innovation outnumber 
and are more strategically placed than its 
opponents
Consensus building among staff representatives 
will be beneficial to gain support from front-line 
workers
Dedicated Time and 
Resources
The innovation starts out with a budget 
and the allocation of resources is both 
adequate and continuing
Planning process will include estimating costs 
and resources required to implement potential 
solutions
Capacity to Evaluate the 
Innovation
The organization has tight systems and 
appropriate skills in place to monitor and 
evaluate the impact of innovation (both 
anticipated and unanticipated)
Updating simulation input parameters and 
simulation output analyses are easily done for 
system performance monitoring, once model 
development procedures are established
Steps of Collaborative Planning Approach
1. Conceptual Model Development
2. Deriving Input Parameters – actual client movements, LOF transition
3. Simulation Specification
4. Simulation Output Analyses 
5. Model Validation: Comparison of model’s outputs and observed data
6. Sensitivity Analysis 
7. Simulation Experimentation
Group discussions on factors causing delays in transition and         
potential solutions
Construct simulation scenarios and analyze outputs
8. Estimate resources and costs required to implement solution
Evaluation and Planning for the Next Step
1.  Semi-structured interviews with managers and clinicians 
2.  Context of use assessment with mental health chiefs in VISN 11
3.  Advisory panel meeting for development of multi-site implementation 
studies
Recently Funded VA HSR&D IIR: Doebbeling, Hagg, Salyers, Lawley
CCE-5: The Cancer
Care Situation Room
•Prototype of an interactive, integrated visual and statistical analysis 
capability for the Indiana cancer care system
•Increases ability to detect patterns, clusters, and trends
•Massive raw datasets -> data integration -> data extraction -> data 
visualization -> information for evidence-based decisions
•Outcomes –
–Initial phase to visualize CRC screening and f/u data from single VAMC
–Use electronic CPRS data to visualize screening and scheduling data from 
perspective of clinic manager
–Set of prototype visualization tools to help understand current and future 
state of CRC care in Indiana
–Increase information communication, reasoning, and decision making 
based upon huge, disparate datasets and datatypes




Colorectal cancer surveillance care and 
personal health records
• Technology platform:  My HealtheVet




(American Society of Clinical Oncology)
– Treatment received
– Potential treatment toxicities
– Self-reported narratives (free text entry)
• Proposed pilot studies:
– Qualitative study of patient & provider needs
– Usability testing of Web interface and content
Project support:
• D. Haggstrom, VA Career Development Award
Usability Evaluation of 
MyHealtheVet
• New VA HSR&D Rapid Response 
Project funded 3/08
• Assess usability of MyhealtheVet
Personal Health Record from patient’s 
perspective
• Focus groups, observed usability 
studies






“Between the healthcare we have and the 
care we could have lies not just a gap but 
h ”a c asm . 
Toward Evidence-Based Quality 
Improvement: Systematic Review
• Most comparisons reporting dichotomous process 
data (87%)  observed improvements in care, thus 
dissemination and implementation of guidelines 
may promote compliance.
• Reminders a potentially effective intervention, 
likely to result in moderate improvements in 
processes.
• Educational materials and audit and feedback 
result in modest effects.
• Multifaceted interventions did not appear to be 
more effective than single interventions.
Grimshaw et al J GIM 2006; 21:S14–20.
“Virtual” Hospital
Patient Arrivals 
Captured by HL7 Representative Care 
Paths
Hospital Wide View of 









Operational and Resource 
Decisions












1) Colorectal cancer 
screening among
average-risk patients
2) Colorectal cancer 
screening among
New Model                                  
of Primary Care Delivery:
a) Team approach




) T i i t iti







e ra n ng oppor un es
f) Leadership support
7New System
• Clinical Reminder Definition
– Four specific reminders for four unique patient cohorts
– Provides directional interface
• Reminder Dialog
– Standard VISN dialog
– Captures data to assist in identifying patient cohorts       
– Directional interface with drop down menus
• Reminder Reports
– Standardized VISN reports
– Fail-safe to identify patients to ensure follow-up recommendations
• Consult Templates
– Standardized VISN GI consult completion template
– Captures data for follow-up




• A wide range of research perspectives not 
directly related to healthcare can be used in 
system transformation
– complex systems theory, organizational change 
theory, knowledge utilization, knowledge 
management, systems engineering and 
implementation research
• Interdisciplinary research teams can begin to 
bring these various perspectives together, 
creating synergy and applying a diverse 
range of perspectives and tools to healthcare 
systems.






















Clinical Practice Organizational Survey, Yano, Flanagan & Doebbeling
Implementation 
Lessons Learned
Performance Improvement Data 
Working Group (PiDaWG)
Measure performance 
against national and 
regional centers
• Display performance criteria
• Display national data with 
comparison
• Display local measurements
Di l di t d t f Vi t• sp ay rec  a a rom s a
• Manual data collection tool
• Display process monitors in 
conjunction with RPIW projects
• Continuous near real-time 
updates
8Central concepts to 
System Transformation
• Integration
– routinize new behaviors
– may require training, aligning reinforcements with new 
behaviors, or assigning responsibilities 
• Sustainability
i t i i i ti t f t d lit ll– ma n a n ga ns n pa en  sa e y an  qua y as we  as 
maintain support for change 
• Spread 
– changes throughout the organization
– requires a supportive infrastructure for sharing successful 
redesign experiences
– incentives are aligned with spreading innovations through a 
system 
Wang et al., 2006 
Facilitating System 
Transformation
• Involve top- and middle-level leaders
• Align and integrate improvement efforts 
with organizational goals 
E t bli h d i t i i f t t• s a s  an  ma n a n n ras ruc ure, 
processes, and performance feedback 
that supports continuous improvement 
• Involve champions, teams, and staff in 
redesign efforts.




Professor and Director, 
Duke Center for Clinical Health Policy 
Research and Evidence-based Practice Center
Overview
?The problem: creating technical 
analysis that is actually used in 
decision making
Ill t ti M di d i i? us ra on: e care coverage ec s on 




?Health policy decision-makers have 
to make difficult choices in a rapidly 
changing and highly complex 
environment which often includes,    
vast quantities of contradictory 
information. 
Medicare coverage decision making
?No specific coverage list in the 
original Social Security Amendments
?Congress delegated the coverage 
decision to HEW (now HHS)    
– “May not reimburse for items and 
services which are not reasonable and 
necessary…”
The tension: stewardship and innovation 
?Medicare is the steward of the Trust 
Fund on behalf of beneficiaries
– Relevance and defensibility are key
I d t i th hi l f b i i? n us ry s e ve c e or r ng ng 
innovative interventions to patients
– Clarity and low market barriers are key
Medicare Coverage Advisory Committee
?Medicare Coverage Advisory 
Committee (MCAC) “shall review 
and evaluate medical literature … 
to assist HCFA in determining     
reasonable and necessary
applications of medical services 
and technology.”
2Illustration: PET in Alzheimer’s disease
“Does having a PET scan 
significantly improve the likelihood of better 
cognitive function?
Because if it does -- as one who values my 
cognitive function -- I want one.  
And health insurance should pay for it.”
Prevalence of AD in the general population
from Boston, Baltimore, Framingham and Rochester studies
Brookmeyer R, et al.  Am J Public Health, 1998; 88:1337
www.petnetpharmaceutical.com/

































































56 44 0 0 56
NI/ Rx+ 49 6 7 38 87
No NI/ 
no Rx
0 0 56 44 44
Many fewer false positives and 
a few more false negatives
Primary conclusion
?NI could improve the overall 
accuracy compared to clinical exam
However,
?Treatment based on an exam leads 
to better health outcomes than 
treatment based on NI results.
How can this make sense?
?Recall, net accuracy with NI is better 
because there are many fewer false 
positives and a few more false negatives
?However, false positives ≠ false negatives
– Incorrectly treating (false positive) is not as bad 
as incorrectly not treating (false negative)
» Incorrectly treating: Rx is relatively benign and may 
be beneficial even if patient doesn’t have AD
» Incorrectly not treating: patient loses benefit of Rx
When testing is preferred
1. If a new treatment becomes 
available that is not only more 
effective than current therapies 
but is also associated with a risk       
of severe adverse effects.
Increases the benefit 
of avoiding false positives
When testing is preferred
2.If the results have demonstrable 
benefits beyond informing choice of 
therapies - the  “value of knowing.”
Improves ability to 
adjust and to plan
4When testing is preferred
3.If testing could be demonstrated to be a 
better reference standard than clinical 
examination.  
Predicting response to therapy: compared 
to a standard examination, testing better 
distinguishes patients who respond to 
therapy or who will have adverse effects
Epilogue
?Based on analysis, CMS made a 
national non-coverage decision
?Pressure led to conditional 
coverage
?Meeting convened with CMS, NIA, 
FDA, ADA, and other stakeholders
?Commissioned design of a PCT
Lessons
? A successful health technical analysis is 
one that is used to make clinical or policy 
decisions  
? Analysis must be excellent and relevant 
– Excellence: adherence to principles that give      
validity to the results. 
– Relevance: responding to a practical 
question in a compelling way
? Excellence tends to be emphasized by 
scientists, while relevance tends to be 
emphasized by decision makers.  
Two communities
? The “two communities thesis” postulates the 
existence of two camps (researchers/analysts 
and policymakers) that do not naturally tend to 
account for the values and perspectives of the 
other.  However, the different value that both 
iti f t ll dcommun es con er o exce ence an  
relevance has little to do with the personalities 
of the individuals involved.  The roots of the 
conflict lie in the different logic and demands 
that characterize the respective spheres of 
research and decision making. 
The key determinant of success 
?Understanding the needs
?Developing specifications of the 
task, usually manifested in the 
“ t t t f k ”s a emen  o  wor .  
?Establishing a shared conceptual 
framework in a process in which all 






1Measures of Effectiveness: 
How Should We Quantify “Good” Decisions
Julie Simmons Ivy
Edward P. Fitts Department of Industrial & Systems Engineering
North Carolina State University
“An Ounce of Prevention is Worth a 
Pound of Cure”
• “Health maintenance” refers to personal 
activities intended to enhance health or 
prevent disease and disability. These    
include screening procedures, risk 
assessment, early intervention, and 
prevention (Arcury et al., 2001).
Prevention
• Primary Prevention:
– Pelvic Floor Dysfunction
• Impact of Birth Delivery Mode
• Secondary Prevention: 
– Breast Cancer Screening
• Dynamic Screening Intervals for Pre- and Post-menopausal
• Tertiary Prevention:
– Breast Cancer Screening/Treatment
• Improving Quality/Accuracy of Treatment given        
Uncertain Information
Decision Making Under Conditions of 
Uncertainty
• Applying and Enhancing Modeling Tools of 
Probability and Operations Research
• Stochastic Modeling
• Markov Decision Processes 
• Partially Observable (Hidden) MDP
• Optimization
• Implicit Requirement for utilizing these 
modeling tools is Metric for Measuring a 
“Good” Decision
Defining “Good” Decisions
• Who is the decision maker?
– Patient, Physician, Payer 
– All
• What is the Decision Maker’s Objective?
– Payer: Minimize Cost
– Patient: Maximize Effectiveness ⇒
Utility
• Possible Metric: Mortality Risk
Exploring Trade-offs
• Applications: 
– Mammography Screening: Breast Cancer 
Prevention
• Exploring Relationship between Mortality Risk and 
Screening “Effort”
– Elective C-Section: Pelvic Floor Dysfunction 
Prevention
• Exploring Trade-off between Cost and Utility
2Dynamic Breast Cancer Screening 
Decisions
• NSF Sponsored Collaborative Research Grants 
(DMI-423090 and DMI-0423410) with
– Lisa M. Maillart
• University of Pittsburgh | Department of Industrial 
Engineering
– Kathleen Diehl and Scott Ransom
• University of Michigan | School of Medicine
General Breast Cancer Facts
• Risk
– 1 in 3
• female cancer diagnoses is breast cancer (excluding skin)
– 1 in 8 
• lifetime risk of developing breast cancer
– 1 in 28 
• lifetime risk of dying from breast cancer
• Survival
– lifetime survival rate 
• localized, 80%
• regional, 55%
• distant metastatic, 20%
General Breast Cancer Facts: Screening
• The earlier breast cancer is detected and followed 
by appropriate treatment, the greater the chance 
of survival
• Mammography is the “single most effective 
method of early detection”
– 80% sensitivity
– 95% specificity
• Current screening policy recommendation (static)
– annual mammograms (and CBE) starting at age 40




– increases with age
• Aggression
– decreases with age
• Mammogram accuracy
– increases with age
• due to lower tissue density
• Survival
– increases with age 
• due to more responsive tumors
Research Question






• …is there value in considering dynamic screening 
policies?
– policies with screening intervals that change 
over time
Approach
• Divide life after age 20 into 13 intervals
– 20-24, 25-29, …85-100
• Restrict attention to “two-phase” policies
– one, fixed “pre-menopausal” interval
– one, fixed “post-menopausal” interval
3Approach
• Define “value” in terms of lifetime mortality risk
• Define “effort” in terms of expected number of 
mammograms
• Formulate a partially observed Markov chain      
model
• Analyze a broad set of policies and construct 
insightful tradeoff curves
Tradeoff Curve Schematic









• An individual can select a policy 
on the frontier based on her
– risk preference
– insurance coverage
– willingness to face false positive 
results












– cancer cells present
• Stage I
2 cm or less
state 0
state 1







• Breast cancer death 
state 2
state 3
state 4: non-breast cancer death
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transitions occur every 6 months
Exploring Trade-offs: Dynamic 
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• A patient can achieve a mortality risk “in 
between” that of two routine policies by 
using a two-phase policy
• The current recommendation is “epsilon-
efficient”
• To maintain moderate risk, do not 
significantly delay screening start age or 
advance screening stop age
• Both ramping up and tapering down policies 
can be efficient
4Limitations and Future Work
• Limitations
– Calculate Worst Case Scenario for Lifetime 
Mortality Risk: Assume patients enter treatment 
only through screening
– Parameter Estimation – Data Limitations
• Future Work:
– Explore implications of race, comorbidity, age
– Incorporate alternative screening modalities
• Opportunity:
– Carolina Mammography Registry
Decision Evaluation Metrics
• Is Mortality the best metric?
• What role does Quality of Life play?
– Quality of Life: 
• patient's ability to enjoy normal life activities
• degree of well-being felt by an individual or group 
of people
• a patient's general well-being, including mental 




• a measure of the relative satisfaction from or 
desirability of consumption of goods.
• In the analysis of health outcomes, utility is a 
number between 0 and 1 that is assigned to a          
state of health or an outcome. Perfect health has a 
value of 1. Death has a value of 0.
Decision Evaluation Metrics
• When Death is NOT the major threat:
– Morbidity:
• State of being ill or diseased. Morbidity is the 
occurrence of a disease or condition that 
alters health and quality of life.
• undesired result or complication
– Utility – Quality Adjusted Life Years
Childbirth and Pelvic Floor Dysfunction: 
An Integrated Decision Analysis
? Collaborators:
? Xiao Xu, PhD
? Divya A. Patel, PhD
? Scott Ransom, DO, MBA, MPH
? John O.L. DeLancey, MD
? Dee Fenner, MD
? Sejal Patel, undergrad. research assistant
Background
? In the United States, cesarean section (CS) rates 
have now reached their highest levels: 
? 30.3% in 2005
? 20.7% in 1996
5Background
? In the absence of medical or obstetrical 
indications at the onset of childbirth, women 
may face two alternatives for their delivery
? Trial of labor: labored deliveries    
? Elective cesarean section: unlabored deliveries
? Some speculate that the increase in the 
cesarean section rate may be due in part to 
an increase in the elective CS.
Background
? Most previous studies have focused on immediate 
outcomes (e.g., infection, hemorrhage, and 
lacerations)
Little information is available regarding the long?        
term outcomes of different modes of delivery (e.g., 
sexual dysfunction)
? We extended previous work by incorporating both 
short and long term outcomes associated with 
mode of delivery
Childbirth and Pelvic Floor Dysfunction
? Elective CS is frequently cited as a means to 
prevent pelvic floor dysfunction (PFD), including:
? Urinary incontinence (UI): prevalence as high as 55%
? Fecal incontinence (FI): prevalence is 11% - 15%
? Pelvic organ prolapse (POP): 200,000 surgeries per 
year in US
? Unique to PFD is that the conditions are typically 
symptomatic 20 years after childbirth
? PFD is not a fatal disease, but has significant 
impact on 
? Quality of life 
? Cost from society’s perspective 
Objectives
? To study the cost-effectiveness of 2 delivery 
management strategies at a woman’s first 
childbirth (without any medical or obstetric 
indications)
? Trial of labor 
? Elective CS
? To identify important knowledge gaps in the 
pathway from first childbirth to PFD
? To inform future discussion on elective CS
Methods
? Constructed a decision tree to compare the two 
delivery management strategies
? Women at their first childbirth without medical 
indications 
? Consider one childbirth
? Modeled the path and relevant clinical outcomes 
associated with each management strategy, 
including
? resulting actual mode of delivery
? short- and long-term maternal outcomes 
? perinatal outcomes











? Respiratory (Respiratory Distress Syndrome and Transient Tachypnoea) 
? Assumed that maternal and neonatal outcomes 
are independent of each other





1st childbirth without medical/obstetric indication
Elective cesarean section
Emergency cesarean section







































? Cost Minimizing Decision:
? Trial of labor has a lower expected lifetime cost 
than Elective CS
? Utility Maximizing Decision:  
? Elective CS has higher expected lifetime utility 
than Trial of labor
Preliminary Results













? Conducting one-way sensitivity analysis on 
utility data
? Few data on maternal utility associated with 
childbirth experience (by mode of delivery, parity 
and outcomes)
? No established method for handling concurrent 
and subsequent heath states
? Probabilistic Sensitivity Analysis on Critical 
Parameters to Estimate Variance
7Discussion
? We identified several knowledge gaps, 
particularly
? Limited data on maternal and infant outcomes by 
mode of delivery and parity 
Th li k b t POP d d f? e n  e ween  an  mo e o  
delivery/parity has not been well characterized
? Continued work in this area should help 
women, physicians, and policy makers 
make informed decisions regarding the 
optimal delivery management strategy
1Measures of Effectiveness:
How Should We Quantify “Good” Decisions
Discussion
Jennifer M. Wu, MD, MPH
Assistant Professor, Dept. of Obstetrics and Gynecology




• Cesarean section is the most common surgery 
performed on women in the United States.
• ~ 1.25 million cesareans every year. 
• Cesarean rate is increasing.
Martin et al. Births: Final Data for 2005, NVSS 56(6), 2007.
2
Cesarean Deliveries
• The increasing cesarean rate is concerning.
– Cesarean section = major abdominal surgery
V i l d li “ t l ” id– ag na  e very = more na ura ,  avo s surgery, 
surgical complications, faster recovery
– Future repeat cesareans are more challenging 




Total cesarean rate 1989-2005
• Majority are cesareans performed for a particular indication. 
• Elective cesareans = absence of an indication; requested.
• In the past, elective cesareans were considered unethical. 
Now a woman can request an elective cesarean.
Martin et al. Births: Final Data for 2005, NVSS 56(6), 2007.
4
Elective Cesareans
• Rate of elective cesareans is rising. Why?
– Unknown. 
– Prevention of pelvic floor trauma and future pelvic        
floor disorders
– Convenience for a woman or her physician to set 
the time and date of surgery. 
5
Pelvic Floor Disorders
• Pelvic floor disorders: 
1. Fecal incontinence = involuntary loss of solid or 
liquid stool
2. Urinary incontinence = involuntary loss of urine
3. Pelvic organ prolapse = descent (or prolapse) of 
the vaginal walls.
• Urogynecology = study of pelvic floor disorders.  
6
2Childbirth & Pelvic Floor Disorders
• Fecal incontinence: Childbirth may cause 
vaginal tear that extends into the anal 
sphincter. A weakened sphincter unable to 
prevent leakage of stool.
P l Childbi th k l i fl Vaginal delivery
rectum
• ro apse: r  can wea en pe v c oor 
muscles and tissue leading to descent of 
the pelvic organs. 
• These are long-term outcomes of childbirth.




Decision about    















• For an individual
• Maternal and neonatal outcomes
• Short-term and long-term outcomes
Bi th tt ti i l d li• r  process – a emp ng a vag na  e very
• Subsequent deliveries
• For society
• Cost; Cost per quality adjusted life year
10
Maternal Outcomes
Short-term Complications Long-term Complications
? Mortality
? Intraoperative or intrapartum complications        
(i.e. injury to bladder/bowel, sphincter   
l ti i l h t )
? Subsequent uterine rupture
? Subsequent placental 
abnormalities
U i i tiacera ons, per nea  ema omas
? Anesthetic complications
? Hemorrhage with transfusion or hysterectomy




? r nary ncon nence
? Fecal incontinence





? Birth injuries (i.e. brachial plexus injury, fractures, cerebral hemorrhages)
? Respiratory complications (i.e. transient tachypnea, respiratory distress 
syndrome persistent pulmonary hypertension requiring ventilation),   ,  






• Decision model and route of delivery:
– Consider numerous outcomes simultaneously 
using best available evidence.
– Incorporate quality of life (utilities)
– Incorporate cost




– Limited high-quality data comparing trial of 
labor and elective cesarean; no RCTs.
– Outcomes may not be independent.
– Limited utility data for birth outcomes
14
Measures of Effectiveness:
How Should We Quantify “Good” Decisions
Discussion
Jennifer M. Wu, MD, MPH
Assistant Professor, Dept. of Obstetrics and Gynecology









Department of Industrial and Management 
Systems Engineering
University of South Florida
Outline





?  mo e ng gaps
? DM modeling challenges
? Performance Measures


















? Primary assumption: 
When the right tools, expertise, and equipment are applied to a 
population, costs  decrease, resources are utilized more 
productively and quality improves. 
H lth i l d l ti ll i 2005 t
4
? ea  nsurance p ans an  emp oyers na ona y n  spen  
about $1.2 billion on disease management programs [1]
? Some current approaches
? Web-based assessment tools, 
? Clinical guidelines, 
? Call-center-based triage
? Best practices














? Are physicians trained to develop analytical 
models to assess patient’s condition?
? Do diagnostic procedures consider 
comprehensive patients’ profiles?
Whi h i f ti i id d t di
6
? c  n orma on s cons ere  o agnose 
patients’ diseases or to prescribe treatments?  
? Are diagnostics based on a single data point 
from the most recent test?
2• Anticipate adverse events
• Estimate treatments’ effectiveness 
? Capture dynamic changes on patients’ health – improve quality 
& reduced costs.  




• Explain influence of different 
variables in patient condition
• Improve patient satisfaction.
• Enhance quality of health care delivery.
Expected Outcomes
Performance Measures
? Patients' general health status
? Generic measures - e.g. identification of patient’s disease. Osteoporosis, 
diabetes, hypertension, heart failure, obesity, asthma, cancer, arthritis, 
clinical depression, sleep apnea…   
? Patients' disease - specific health status
? Specific measures – e.g. For osteoporosis calcium levels, or for diabetes  
8
blood sugar levels.
? Facilities utilization 
? Service utilization 
? Cost
Alternatives in DM Modeling
? Care Episodes
C C l
• Modeling disease etiology
• Effectiveness through stochastic analyses & optimization




? are yc e
? Care Support
• Patient centered care
• Assess care cycle 
• Optimization (e.g. quality of service, cost 
minimization, facilities  sizing, location and 
management, )
Change Detection of Synchrony in 
Oscillatory Neurophysiologic Signals 
for Patient Condition Monitoring
? Sleep apnea: periods of 
pauses in breathing during 
sleep.
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? Hypertension and related 
heart attacks & stroke
? Students' disruptive 
behavior and poor 
academic performance SA Study at Tampa General HospitalSleep Disorder Center and USF (courtesy to M. 
Anderson, MD)
Hui Wang, Ph.D., Qiang Huang, Ph.D., Dr. Bruce G. Lindsey, Dr. Kendall F. Morris, Dr. William M. Anderson
Reliability of Gene Expression 
Values from Microarrays
? Use of gene expression values 
as a basis for:
? Disease Diagnosis





? Noise in the signal prevents 
accurate estimation of gene 
expression values
? Developing a denoising 
methodology that adopts 2-D 
multiresolution denoising of 
image 
Chaitra Gopalappa, Ph. D. Student, Tapas K. Das, Ph. D., Steven Enkemann, Ph. D., Steven Eschrich, Ph. D.
Research group from Industrial and Management 
Systems Engineering Department at USF and Moffitt 
Cancer Center and Research Institute
Error Minimization in Health Care 
Settings through the Dynamic 
Analysis of Near-Misses
12
Improve the quality of care in outpatient settings by 
dynamically detecting and analyzing near-misses to 
assess and reduce the likelihood of occurrence of 
adverse events.
Laila Cure, Ph.D. Student, Jose L. Zayas-Castro Ph.D., Peter J. Fabri, M.D., Ph.D..
3Survival Prediction for 
Pancreatic Cancer
• 37,170 new cases are 
expected to in the US in 2008
• 33,370 people will die of 
pancreatic cancer this year
13
? Define the states of the model using these markers
? Utilize Maximum Likelihood estimation to carry out 
estimation of parameters.
? Validation and prediction by means of a “time to death” 
function.
Patricio Rocha, Ph.D. Student, Tapas Das, Ph.D, Jose L. Zayas-Castro Ph.D., Peter J. Fabri, M.D., Ph.D..
OBJECTIVE: To find actual allocation to current outbreak and virtual 
allocation to future outbreaks  to minimize total cost.
? Define a random process                                 as the pandemic spread process     
? Define system state at time t, in terms of number of infected, deaths, remaining 
stockpile of vaccine and remaining stockpile of antiviral drugs.
A Simulation Based Optimization 
Approach for Strategic Allocation Of 
Resources During a Pandemic Outbreak 
{ }+∈=Χ RtX t :
14
Andres Uribe, Ph.D. Student, Diana Prieto, Ph.D. Student, Tapas Das, Ph.D, Alex Savachkin Ph.D.
Assessment of Dynamic changes in 
Blood Calcium levels, Platelets and 
Mean Platelet Volume
? Low levels of platelets predisposes 
to bleeding, while high levels may 
increase the risk of thrombosis.
? Platelet counts are modeled as the 
dynamic consequence of platelet 
production and platelet elimination. 
15
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• Improving the management of human disease can benefit from the
use of quantitative modeling
• Modeling at the population , system , individual levels
• Challenges : Need for data for model development/validation,,
quality of the data, high dimensional data, appropriate outcome
measures
• Like any good discussant, I will complement the talk by telling you
about my experiences. . .
2
Dynamic treatment regimes
Clinical practice: Treatment of a chronic disease/disorder is an
ongoing , dynamic process
• Adjust, change , add , or discontinue treatment based on progress ,
side effects , patient burden , compliance , etc.
• Sequential decision-making based on accruing observations on the
patient
Dynamic treatment regime: aka Adaptive treatment strategy
• A set of sequential decision rules dictating actions at key decision
points , each outputting the next step of treatment based on input
of information to that point




• How to design studies to evaluate and compare fixed dynamic
treatment regimes
• How to develop dynamic treatment regimes – high-dimensional
information, many decision points, observational data ⇒
time-dependent confounding . . .
• Estimating the optimal dynamic treatment regime
• Will give the best outcome for the population and for individual




How best to use potent ARV therapies to treat acute and chronic
HIV infection?
• Continual treatment impossible : Side effects, burden, cost, drug
resistance, . . .
• Structured Treatment Interruption – cycles of therapy followed by
interruption
• Dynamic treatment regimes
• When to interrupt ? When to re-initiate ? On what basis ?
HIV dynamic models: Interplay between virus and immune system





Nonlinear dynamical system: Ordinary differential equations , U˙ =
dU
dt
T˙1 = λ1 − d1T1 − {1− 1u(t)}k1VIT1
T˙2 = λ2 − d2T2 − {1− f1u(t)}k2VIT2
T˙ ∗
1






























































Treatment input: u(t) = 1 if therapy given at time t, = 0 if not
⇒ CD4 count = T1 + T
∗
1
, viral load = VI + VNI
7
Mechanistic modeling
Main measures: CD4 T-cell count and viral load































Collaborative project: H.T. Banks (applied mathematician at NCSU),
Eric Rosenberg (immunologist/infectious disease physician at Mass
General Hospital), and me
• Embed the mechanistic model in a statistical framework to describe
inter- and intra-patient heterogeneity
• Model-based simulation and control theory to develop practically
feasible dynamic treatment regimes
• Run a clinical trial
9
Shameless promotion
• Recently established: the NCSU Center for Quantitative Sciences in
Biomedicine (CQSB )
http://www.ncsu.edu/cqsb/
• CQSB Mission : Bring together scientists in the quantitative and
biological/biomedical disciplines to spearhead and collaborate on
research projects in the health sciences
• Atlantic Coast Symposium on the Mathematical Sciences in Biology




Johnson BA, Tsiatis AA. (2004). Estimating mean response as a function of
treatment duration in an observational study, where duration may be
informatively censored. Biometrics 60, 315–323.
Johnson BA, Tsiatis AA. (2005). Semiparametric inference in observational
duration-response studies, with duration possibly right-censored. Biometrika 92,
605–618.
Lavori P, Dawson R. (2004). Dynamic treatment regimes: practical design
considerations. Clinical Trials 1, 9–20.
Lunceford JK, Davidian M, Tsiatis AA. (2002). Estimation of survival distributions
of treatment policies in two-stage randomization designs in clinical trials.
Biometrics 58, 48–57.
Murphy SA. (2003). Optimal dynamic treatment regimes (with discussion). JRSS-B
65, 331-366.
Murphy, SA. (2005). An experimental design for the development of adaptive
treatment strategies, Statistics in Medicine 24, 1455-1481. See also
http://www.stat.lsa.umich.edu/∼samurphy/research.html
Murphy SA, van der Laan MJ, Robins JM. (2001). Marginal mean models for
dynamic regimes. JASA 96, 1410-1423.
11
Some references
Murphy SA, Oslin DW, Rush JA, Zhu J for MCATS. (2006). Methodological
challenges in constructing effective treatment sequences for chronic psychiatric
disorders. Neuropsychopharmacology 32, 257–262
Robins JM. (2004). Optimal structural nested models for optimal sequential
decisions. In DY Lin, PJ Heagerty (eds.) Proceedings of the Second Seattle
Symposium on Biostatistics. New York: Springer, 189-326.
Robins JM. – Visit http://www.hsph.harvard.edu/ robins/
Rosenberg,ES, Davidian, M,Banks, HT (2007) Using mathematical modeling and
control to develop structured treatment interruption strategies for HIV infection.
Drug and Alcohol Dependence 88, S41-S51.
Thall PF, Millikan RE, Sung HG. (2000). Evaluating multiple treatment courses in
clinical trials. Statistics in Medicine 30, 1011-1128.
Wahed AS, Tsiatis AA. (2004). Optimal estimator for the survival distribution and
related quantities for treatment policies in two-stage randomization designs in
clinical trials. Biometrics 60 124-133.
Wahed AS, Tsiatis AA. (2006). Semiparametric efficient estimation of survival
distribution for treatment policies in two-stage randomization designs in clinical
trials with censored data. Biometrika 93, 163-177.
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1Collaborative modeling to inform 
decision making about 
colorectal cancer screening
Michael Pignone, MD, MPH
University of North Carolina- Chapel Hill
Department of Medicine
Sheps Center for Health Services Research
1
Background
• Colorectal cancer is an important cause of 
morbidity and mortality
– 150,000 new cases per year
50 000 d th– ,  ea s
• Screening can reduce incidence and 
mortality, but is underutilized
• Several different screening tests are 
available, with different features and costs
2
Background
• Cost-effectiveness analysis could be 
helpful in comparing CRC screening with 
other health services and in comparing 
different CRC screening tests
• Multiple high quality cost-effectiveness 
analyses on CRC screening are available
3
AHRQ Systematic Review
• All models found all CRC screening strategies 
were cost-effective compared with no screening
– C/E ratios usually under $30,000 / life-yr saved
• Models reached different results as to the most 
effective and cost-effective strategy
• Variation likely due to differences (and 
uncertainties) in input parameters- no easy way 
to sort out these factors in the review
Pignone and colleagues. Ann Intern Med. 2002; 137:96-104.4
Aims
• To bring together modelers to compare 
different analyses of colorectal cancer 
screening in a collaborative exercise
– Compare different screening strategies 
– Gain insight into reasons for different results 
– Determine areas for future research focus
• To use insights to better inform future 
modeling and CRC screening research
5
Collaborative modeling exercise 
and workshop - 2004
• Convened by NCI and NAS
• Facilitators: Pignone, Wagner, Russell
• 5 modeling groups  
• Pre-conference modeling exercise
• Conference to examine and discuss results
• Report with recommendations issues
• Journal publication
Pignone and colleagues Ann Intern Med. 2005;142:1073-9 and
Institute of Medicine. Cost-Effectiveness Modeling: Outcomes of an Invitational





• FOBT annually + SIG every 5 years      
• SIG every 5 years
• Radiological Test every 5 years
• COL every 10 years
7
Methods
• Standardized inputs for:




• Each modeler was asked to make 10 “runs” 




• Start screening at age 50, end at age 80
• Cohort of 100,000 average –risk adults
• Use 2003 dollars   
• Discount Rate = 3%
• No quality adjustment




• Surveillance every 5 years
10
Assumptions for standardization: 
Costs
• FOBT: $10
• Sigmoidoscopy: $200 ($375)
• Radiology test: $200  
• Colonoscopy: $625 ($900)





Assumptions for standardization: 
Test performance
• FOBT
– Sensitivity Cancer 40%
– Sensitivity Polyps 10%
• Sigmoidoscopy (reach = 50% of colon)
– Sensitivity Cancer: 95%
– Sensitivity Polyps: 85%
• Colonoscopy
– Sensitivity Cancer: 95%
– Sensitivity Polyps: 85%
– Specificity: 100%
• Radiology test
– Sensitivity cancer: 80%





























































































FS q5 $20,681 $19,741 $8230 $24,449 $27,169 
FOBT q 1 $18,347 $9,631 $8815 $7,517 $8,409 
RAD q5 $20,573 $11,674 $15,054 $3,980 $18,919 
COL q10 $31,211 $21,167 $14,456 $7,810 $18,940 
FOBT q 1 
+ FS q5 
 














































































































































































FS q5 $20,509 $16,689 $12,363 $25,722 $20,647 
FOBT q 1 $11,632 $7,272 $5,980 $9,676 $10,073
RAD q5 $19,609 $17,953 $12,598 $18,699 $22,099 
COL q10 $23,579 $22,732 $14,181 $19,695 $20,316 
FOBT q 1 
+ FS q5 
 

























FS q5 WD SD $8,230 SD SD 
FOBT q 1 $18,347 $9,631 WD SD $8409 
RAD q5 WD $27,069 SD $3,980 $44,936 
COL q10 WD SD SD $38,854 WD 
FOBT q 1 
+ FS q5 
 






















FS q5 SD SD SD SD SD 
FOBT q 1 $11 632 $7 272 $5 980 $9 676 $10 073  , ,  ,  ,  ,
RAD q5 WD SD WD SD $209,906 
COL q10 SD SD SD SD WD 
FOBT q 1 
+ FS q5 
 
$99,977 $79,920 $55,878 $56,969 $355,647 
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Harvard FOBT FOBT FOBT/FS FOBT/FS FOBT/FS 
Lada FOBT RAD RAD RAD RAD      
MISCAN 
 
FOBT/FS FOBT/FS FOBT/FS FOBT/FS FOBT/FS 
Vijan RAD COL COL COL COL 
Vandy FOBT FOBT RAD RAD RAD 
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Harvard FOBT FOBT FOBT FOBT FOBT/FS 
Lada FOBT FOBT FOBT FOBT/FS FOBT/FS 
MISCAN 
 
FOBT FOBT FOBT/FS FOBT/FS FOBT/FS 
Vijan FOBT FOBT FOBT/FS FOBT/FS FOBT/FS 




• Limited set of parameters used- did not adjust 
natural history (e.g. % cancers arising from 
polyps, dwell time)
• Only examined one set of values for standard 
parameters- different values may have 
produced different results (adherence)
• Did not account for uncertainty in estimates 
(i.e. no probabilistic sensitivity analyses)
27
Conclusions
• All models found all strategies to be cost-
effective compared with no screening
• Original model results showed substantial 
variation in costs and effectiveness
• Preferred strategies varied at different 
thresholds
• Adjustment for differences in costs, test 
performance, surveillance, and compliance 
mitigated many, but not all, of the observed 
differences
– Cost adjustment was the single strongest factor
28
Implications for Modeling
• Need to establish standard cost inputs
• Additional work on modeling adherence 
and costs associated with improving it





• Colon cancer screening appears 
effective and cost-effective compared 
with no screening  and should be 
strongly endorsed and promoted
• Current data are insufficient to strongly 
recommend one method over another 





“The U.S. Preventive Services Task Force (USPSTF) strongly 
recommends that clinicians screen all men and women 50 years of age 
or older for colorectal cancer. ( A recommendation)”
“The USPSTF found fair to good evidence that several screening methods 
are effective in reducing mortality from colorectal cancer. The USPSTF 
concluded that the benefits from screening substantially outweigh 
potential harms, but the quality of evidence, magnitude of benefit, and 
potential harms vary with each method.”
“There are insufficient data to determine which screening strategy is best 
in terms of the balance of benefits and potential harms or cost-
effectiveness. Studies reviewed by the USPSTF indicate that colorectal 
cancer screening is likely to be cost-effective (<$30 000 per additional 
year of life gained) regardless of the strategy chosen.”
USPSTF Ann Intern Med. 2002; 137:129-31 31
What has actually happened?
• Screening has increased considerably
• Most recent screening has been colonoscopy 
among insured patients
• Reasons:
– Decision making from provider view-point
• Availability
• Enthusiasm
• Single-test decision making
– Lack of systems to support FOBT screening
32
Future modeling-driven studies
• Modeling decision making in the elderly
• Incorporating new technologies
• Eliciting and incorporating informed 
patient preferences in decision making 
process
• Planning screening programs to reduce 
disparities in health care and outcomes
33
1Closing the Knowing – Doing Gap:
A Partnership between Health Services 
Researchers and Management Engineers
Vinod K. Sahney, PhD
Senior Vice President and Chief Strategy Officer
Blue Cross Blue Shield of Massachusetts
Vinod.Sahney@bcbsma.com
617-246-3313





II. Tsunami of Health Care
III. Changing Paradigm
IV. Institute for Healthcare Improvement (IHI)
V. Partnership between Health Services Researchers and Management 




Science • Knowledge covering general truths
• General laws obtained and tested through the scientific 
method
• System of acquiring knowledge using observations and 
experimentation to describe and explain natural phenomena
3Blue Cross Blue Shield of Massachusetts
Introduction (cont’d)
• To examine:
• Health care quality
• Effectiveness
• Patient outcomes
• Access to care
Health Services Research
4Blue Cross Blue Shield of Massachusetts
• Costs and financing
• Primary and managed care
• New technologies
• To inform policy makers:
• How to improve clinical practices
• Shape health care delivery systems
• To create knowledge for improvement
Introduction (cont’d)
Industrial Engineering
• Concerned with the development, improvement, implementation and 
evaluation of integrated systems such as people, money, knowledge, 
information, energy, materials and process
• Systematic methods for diagnosing and correcting problems with service 
5Blue Cross Blue Shield of Massachusetts
delivery
• Improving productivity, quality and safety
• Management engineering – health care
How Many More Studies Will It Take: 
A Collection of Evidence that Our Health Care System 
6Blue Cross Blue Shield of Massachusetts
Can Do Better
NEHI
New England Healthcare Institute, 2008
1998 - 2006
2Hospital Acquired Infection
• Two million patients harmed each year
• 90,000 deaths per year
• Each infection represents an additional $15,000 in health care costs
• Current status – Reliability – 13%
Infection Type Hospitals with Full Compliance*
7Blue Cross Blue Shield of Massachusetts
Aspiration and ventilator associated pneumonia 38.5%
Central venous catheter related blood stream infection 35.4%
Surgical site infection 32.3%
Influenza 30.7%
Hand Hygiene 35.6%
* Leapfrog Group/National Quality Forum List of Safety Practices
And the Latest Large American Study…
McGlynn, et al: The Quality of Health Care Delivered to Adults in the United 
States, NEJM  348:2645-264, June 26, 2003.
• 439 indicators of clinical quality of care
• 30 acute and chronic conditions, plus prevention
• Medical records for 6,712 patients
• Participants had received 54.9% of scientifically indicated care 
8Blue Cross Blue Shield of Massachusetts
(Acute: 53.5%; Chronic: 56.1%; Preventive: 54.9%)
Conclusion: “The Defect Rate” in the technical quality of American health care is 
approximately 45%.
National Scorecard on U.S. Health
System Performance
Indicator U.S National Rate
Benchmark
Measure
Benchmark Rate Score: Ratio of U.S. to Benchmark (%)
Mortality/1,000 115 Top 3 Countries 80.0 70
Infant Mortality/1,000 7 Top 3 Countries 2.7 39
9Blue Cross Blue Shield of Massachusetts
Healthy Life Expectancy at age 
60
16.6 Top 3 Countries 19.0 87
Children missed 11 or more 
school days
5.2 Top 10% states 3.8 74
Adults received screenings and 
preventive care (%)
49.0 Target 80.0 61
Commonwealth Fund, September 2006
National Scorecard on U.S. Health
System Performance
Indicator U.S National Rate
Benchmark
Measure
Benchmark Rate Score: Ratio of U.S. to Benchmark (%)
Chronic Disease under control (%) 52.0 90% Medicare 
Private Plans
82.0 61
Nursing Home residents with pressure 
sores (%)
16.0 Top 10% states 11.0 67
10Blue Cross Blue Shield of Massachusetts
Ability to see doctor on same day or next 
day when sick (%)
47.0 Top 6 Countries 81.0 58
Easy to get care after hours without going 
to ER (%)
38.0 Top 6 Countries 72.0 53
Adults with no access problems due to 
cost (%)
60.0 Top 5 countries 91.0 66
Commonwealth Fund, September 2006
National Scorecard on U.S. Health
System Performance
Indicator U.S National Rate
Benchmark
Measure
Benchmark Rate Score: Ratio of U.S. to Benchmark (%)
Overuse/Waste (%) 22.0 Various 11.0 46
ER visits for conditions could have 
been treated by PCP (%)
26.0 Top 6 countries 6.0 23
11Blue Cross Blue Shield of Massachusetts
% of National Health Expenditure 
on Health Administration
7.3 Top 3 Countries 2.0 28
Physicians using electronic records 
(%)
17.0 Top 3 Countries 80.0 21
Commonwealth Fund, September 2006
Tsunami of Health Care








Per Capita Health Spending in the U.S. in 
Constant 2000 Dollars





1965 70 75 80 85 90 95 2000
















Between 2000 and 2006 estimated per capita expenditures rose 47%













Source: Centers for Medicare and Medicaid Services, Office of the Actuary, National Health Statistics Group
Source:  “National Health Spending In 2006: A Year Of Change For Prescription Drugs,” February 2008
“Health Spending Projections Through 2015:  Changes on the Horizon,” February 2006
Health care’s share of the GDP is projected to reach 20% by 2015








BCBSMA’s medical cost trend is growing four times faster than
workers' earnings, and nearly five times the rate of inflation.
12.5%
15Blue Cross Blue Shield of Massachusetts







2000 2001 2002 2003 2004 2005 2006 2007
8.2%
12.1% .
BCBSMA Medical Trend Workers’ Earnings Overall Inflation
III. Changing Paradigm
High Cost Low Quality
16Blue Cross Blue Shield of Massachusetts
To
High Quality Low Cost
High Cost – Low Quality
• $2.7 trillion
• 16.7% GDP
• 460 peer reviewed studies from 1998 – 2006
17Blue Cross Blue Shield of Massachusetts
• 30% waste - $700B
• Misuse, overuse, under use
High Cost – Low Quality (cont’d)
Misuse
• Causes harm, preventable complications
• Adverse treatment events
• Harvard study – 5% of expenditures
18Blue Cross Blue Shield of Massachusetts
• Hospital acquired infections
• 5% to 10% of all patients
• 90,000 avoidable deaths
• $5B expense
4High Cost – Low Quality (cont’d)
Overuse
• Potential of harm exceeds benefits
• Variation between high and low utilization regions





High Cost – Low Quality (cont’d)
Under Use
• Lack of insurance
• Lack of access
• Increased mortality rates
5% t  15%
20Blue Cross Blue Shield of Massachusetts
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Performance Pays: Higher Quality, Lower Costs
























































































































Improving Value in Health Care
Cost Savings Political Viability
1.  Global Payment/Fixed Budget
Coordinated Chronic Care Management
H L
2. Cost Effectiveness of New Technologies
Fee For Service/Episodes
Limit Supply of Expensive Technologies   M L
3   El t i  M di l R d
22Blue Cross Blue Shield of Massachusetts
. ec ron c e ca ecor s
Transparency of Cost/Quality Data
Consumer Directed Health Plans (CDHPs)
End of Life Care
M M
4.  Encourage Prevention
Malpractice Reform
L L






IV.  Institute for Healthcare Improvement
23Blue Cross Blue Shield of Massachusetts
IHI Mission
The Institute for Healthcare Improvement is a not-
for-profit organization driving the improvement of 
health by advancing the quality and value of 
24Blue Cross Blue Shield of Massachusetts
health care.
5IHI Vision
The Institute for Healthcare Improvement is a 
premier integrative force, an agent for profound 
change, dedicated to improving health care for 
25Blue Cross Blue Shield of Massachusetts
all.  Our measures of success include improved 
safety, effectiveness, patient-centeredness, 









26Blue Cross Blue Shield of Massachusetts
• Ventilator Associated Pneumonia
• Pursuing Perfection – 13 Hospitals
• Impact Network – 210 Hospitals
• Care at the Bedside
• Patient Safety Officer Training
• Executive Quality Academy
• Global Initiatives
• Health Care Professional Education
IHI Breakthrough Series


































IHI – 100,000 Lives Saved Campaign
• Campaign:  December 2004 - June 2006
• Save 100,000 lives by improving reliability of healthcare within U.S. hospitals
28Blue Cross Blue Shield of Massachusetts
• Target 2,300 hospitals
• Six proven initiatives
Six Initiatives
• Deploy “Rapid Response Teams” at the first sign of patient decline
• Deliver reliably, evidence-based care for acute myocardial infarction
29Blue Cross Blue Shield of Massachusetts
• Prevent adverse drug events by implementing medication reconciliation
• Prevent central line infections – Implement bundles 
• Prevent surgical site infections – Implement bundles 
• Prevent ventilator associated pneumonia – Implement bundles
Accomplishments
Co-Sponsors:
• Agency for Healthcare Research and Quality
• American Medical Association
• Association of American Medical Colleges
• Center for Medicare and Medicaid
30Blue Cross Blue Shield of Massachusetts
• Joint Commission on Accreditation of Healthcare Organizations
• National Patient Safety Foundation
• University Health System Consortium
• American College of Cardiology
6Accomplishments (cont’d)
Co-Sponsors (continued):
• Centers for Disease Control and Prevention
• Society for Healthcare Epidemiology of America
• American Nurses Association
• Leapfrog
• The National Business Group on Health
31Blue Cross Blue Shield of Massachusetts
• 20 State Hospital Associations
3,300 Hospitals Voluntarily Signed Up
$15M Private Contributions
122,000 Lives Saved
V. Partnership between Health Services 
Researchers & Management Engineers
Health Services Researchers
• Identify effective clinical practices
• Health care technology evaluation
• Health care disparities
32Blue Cross Blue Shield of Massachusetts
• The most important innovation
• Payment system that rewards quality, safety and productivity
V. Partnership between Health Services 
Researchers & Management Engineers
Management Engineers
• Turn knowledge into practice
• Implementation of best practices
• VAP bundle
Forming micro s stem teams




• Introduction of technology
• Creating a culture of learning and improvement
Systems Approach to Improvement in 
Quality/Cost
Lessons from Other Industries
1. Standardize work
2. Reliability theory – human factors
3. Quality improvement – error reduction
4. Process improvement
5 U  f i f ti  t h l
“No Toyota in Health Care”
34Blue Cross Blue Shield of Massachusetts
. se o n orma on ec no ogy
6. Supply chain management
7. Outsourcing/Offshoring
VI.  Discussion
• Health Services Research
• Creating knowledge for improvement
• Management Engineering
• Execution
C ti  I t
35Blue Cross Blue Shield of Massachusetts
• on nuous mprovemen
• Engagement of front line
The Goal is Closing the “Knowing Doing Gap”
and
“Turning Knowledge into Practice”
Appendix
36Blue Cross Blue Shield of Massachusetts
7Standardize Work
Health Services Research
•Riskiest places where errors happen
• Hand offs between providers
• From nurse to nurse at shift change
• From physician to nurse in operating room
37Blue Cross Blue Shield of Massachusetts
• From surgery to intensive care unit
•Critical information not passed on to receiving area
•Examples
• 25% of missed diagnoses in emergency rooms
— Failure of positive lab test back to ordering physician
• Children’s Hospital of Boston
Standardize Work – Management Engineering
Change Hand-Offs to Hand-Overs
•Clarity of sequencing of steps
•Designated person in charge of monitoring transfer
•Developing protocols for each member of the team
•Shift change knowledge exchange
• Bedside round
38Blue Cross Blue Shield of Massachusetts
• Patient goal boards
• Medication review
•Human factors – reliability improvement
• Face to face interaction
• Verbal communication/dialog
• Checklists
• Standardized work allows lower wage workers to do the task
Reliability Theory – Human Factors
Health Services Research
Reliability = error free operations over time
39Blue Cross Blue Shield of Massachusetts
Current evidence
• Four defects for every ten opportunities to deliver evidence-based care 
in physician’s office practice
• One to two defects for every ten opportunities to deliver evidence-based 
care in hospital practice
Reliability Theory - Human Factors 
Why Is Health Care So Unreliable?
•We tend to rely on vigilance and hard work
•We focus on outcomes rather than process
•We fail to design and implement standard work
40Blue Cross Blue Shield of Massachusetts
•We do not learn from human factors science and reliability
•We value individual freedom over reliable design
Reliability Theory – Human Factors
Management Engineers
• Common equipment
• Standard order sheets
• Check lists
• Awareness education
41Blue Cross Blue Shield of Massachusetts
• Decision aids/reminders
• Default – evidence-based action
• Process standardization
Reliability Theory – Human Factors
Teamwork – Communications Training




• Harvard simulation laboratory
• Objective
42Blue Cross Blue Shield of Massachusetts
— Improved communications
— Improved hand offs
— Culture
•Top Gun crew training – Life Wing Partners
• Obstetrics department procedures and staff communications
• Fairview Hospital, MN
• Provena Hospital, IL





•Elements of a bundle
43Blue Cross Blue Shield of Massachusetts
• Five steps must be done correctly
• Each step done accurately 90% of the time
• Overall reliability (.90)5 = 59%
Hospital Acquired Infection
Health Services Research vs. Management Engineering
Surgical Bundle: Reducing Post Surgical Infections
1. Antibiotic use consistent with guidelines
44Blue Cross Blue Shield of Massachusetts
2. Antibiotic initiated within one hour prior to surgical incision
3. Antibiotic discontinued within 24 hours of surgery
4. Patient hair clipped – NOT shaven
5. Keep patient warm
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•Patient flow in hospital
Process Improvement - Patient Flow
•Patients waiting in emergency room for beds
•Patients waiting in ICU/Recovery for beds
•Lack of systems approach to understand patient flow, causes of bottle-necks, 
priority of moving patients through the system
•Special problems for high occupancy hospitals 
46Blue Cross Blue Shield of Massachusetts
•Examples
• Lucille Packard Children’s Hospital, California
— 3100 more patient days
— 7.5% increase in patient days
— Hospital occupancy > 90%
• St. Luke’s Episcopal Hospital, Houston
— 5.1% added patient days
— Improved bed turnaround time by 76%
Process Improvement – Patient Flow
Impact of Poor Patient Flow Management
•Emergency room overflow
•Work overloads on nursing staff
•Longer length of stay
47Blue Cross Blue Shield of Massachusetts
•Stress and errors
•Patients on wrong floors
Process Improvement – Patient Flow
Key Strategies for Improvement
•Understanding variability
• Random
• Schedule caused variability
•Smoothing elective schedules
•Designated OR’s for unscheduled cases
48Blue Cross Blue Shield of Massachusetts
•Assigning discharge dates upon admission and revising as necessary
•Centralized bed management technology
• Bed tracking systems
•Nurse expeditors
•Services available 24/7
•Standard order sets and care pathways for top 20 DRGs
•Bed turnaround time
9Use of Information Technology
Management Engineering
• e-Ticket – Customers doing the work
• e-Appointments
• e-Patient self history
• e-Visits with physicians
49Blue Cross Blue Shield of Massachusetts
• e-Prescribing
• Automated prescription refill
• CPOE
Supply Chain Management and
Management Engineering
EHCR:  Efficient Health Care Response
• Processing costs - $23B
• Savings potential - $11B
High Variability
50Blue Cross Blue Shield of Massachusetts
• Supply expenses:  14-20% of expenses
IHI Supply Chain Breakthrough Project
• 75 best practices
Outsourcing/Offshoring
•Utilizing expertise of another company
•Scale advantage
•Examples
51Blue Cross Blue Shield of Massachusetts
• UPS managing supply chain for other companies
• Marriott managing cafeterias
• Bio-medical equipment maintenance






1Access to Care for Alzheimer’s Disease in 
Diverse Cultures
Peggye Dilworth-Anderson, Ph.D.
Professor, Health Policy & Administration
Director, Center for Aging and Diversity/Institute 
on Aging
University of North Carolina at Chapel Hill 
1
Alzheimer’s Disease: The Silent Epidemic
? Alzheimer’s disease (AD) is the most common form 
of dementia; it accounts for 60-80% of all cases
? Symptoms include remembering names and 
events, impaired judgment, disorientation, 
confusion, behavior changes, and trouble 
speaking, swallowing, and walking
? Hallmark abnormalities are plagues and tangles in 
the brain
2
Alzheimer’s Disease: The Silent Epidemic
? As many as 5.2 million people in the United 
States are living with Alzheimer’s
? Every 71 seconds, someone develops Alzheimer’s
? Alzheimer's is the seventh-leading cause of death
? The direct and indirect costs of Alzheimer's and 
other dementias to Medicare, Medicaid and 
businesses amount to more than $148 billion 
each year
3
Risk Factors for AD and Health Health 
Disparities
? The greatest risk factor for AD is AGE
f i  i     i k f   h  ? A r can Amer cans are at greater r s or AD t an
Whites 
? Lower levels of education, quality of education and 
income are factors put Africans at greater risk for 
AD      
4
Life Course  Risk Factors for AD
? High cholesterol 
? Type 2 diabetes
? High blood pressure
? Obesity
5
Risk Factors, Access to Care and Health 
Disparities
? African Americans have more 
risk factors for AD than 
Whites
? African Americans are more 
likely to receive a later 
diagnosis of AD than Whites
? African Americans are more 
likely to  receive medications 
in later stages of AD
6
2Addressing  Risk  and Access to Care : 
Empowering the Community 
? Provide training in dementia care to community-
based individuals in key counties in North 
Carolina
? Provide an informational intervention to caregivers 
of poor, rural and medically underserved elders
? Create a model for how to best design and provide 




Train the Trainer: A Dementia Care Program
? Five year project 2004-2008
? 13 counties in North Carolina






Train the Trainer: A Dementia Care Program
Design
Recruitment










D t i i  th  ? e erm n ng e







Community Collaboration & Partnerships
Eastern NC Chapter 
of the 
Alzheimer’s Association
Director of Indian Affairs
Program Development
Recruitment Strategies
Center for Aging & Diversity
Advisory Committee
Area Agency on Aging 
Representatives
 




Providing Resources to Trainers
? Five Interactive half-
day Training Sessions
? Training Topics:
? Symptoms and 
P i  f D tirogress on o emen a
? Skills in Providing Care
? Creating Meaningful 
Days





Providing Resources to Caregivers 
through Trainers 
? Three 2-hour training sessions
? Topics:
? Normal Aging Process
? Caregiving Skills
? Family Dynamics
? Dementia Care and Caregiving
? Managing Problem Behaviors
? Developing help-seeking strategies





? Average age: 56.6
? Age range: 18 - 89
? 86.5% Female
? 56.3% Married

























Usefulness of the Training Sessions (Follow-up Test)
? 94.1% of caregivers are currently using the skills 
and knowledge gained from the training
? Many caregivers expressed enthusiasm about 
sharing the information they learned
? 71.5% said the training impacted their jobs




Usefulness of the Training Sessions (Follow-Up Test)
? 30.8% of caregivers reported the trainings 
improved their understanding of dementia
? 48 9% reported an increased knowledge of memory .
loss in general
? Some felt  the information helped improve 




Impact of Trainings on Caregiving (Follow-Up Test)
? 83.3% found the information on managing problem 
behavior beneficial
? The information also helped them develop emotion 
management and coping strategies for themselves 
and family members




? Involving the community in study implementation 
and dissemination of results is important
? AD risk are linked to life course lack of access to 
care and a life-time of health inequalities and 
disparities
? Interventions are needed to help reduce AD risk 
factors early in life that affect AD risk in later life
19
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Question & Answer Session
21
Panel on Access and Disparities 
Alvin E. Headen, Jr.  Ph.D ,
Associate Professor of Department of Economics, 
College of Management 
North Carolina State University 
First Annual Healthcare Engineering Alliance 
Symposium: On the Interface of Health Services 
Research and Health Care 
Engineering.8:a.m.Thursday, April 8, 2009 
Two concepts:
      Access to health care services 
     Disparities in health status and health
outcomes
Two Dimensions of Access 
            Financial Access:  --Out of Pocket 
        --Third party payor
          >Private Health Insurance 
            >Government Programs 
                Medicare 
                Medicaid
         > Provider/ charity/free care 
            Geographic Access:  neighborhoods 
 One result: modeling neighborhood effects matters:
Access Restrictions May Have a Higher Impact 
in Poorer Neighborhoods
Following the PDL, Medicaid beneficiaries treated by physicians
neighborhoods had less access to restricted drugs.
Change in Access to Restricted Medicines
















Source: Headen AE, Masia NA, Axelsen KJ. Effects of Medicaid access 
restrictions on statin utilisation for patients seeing physicians practising in poor 

































Headen, Alvin E.  Neal Masia and Kirsten Axelsen, “  Effects of Medicaid Access Restrictions on 
Statin Utilization for Patients Seeing Physicians Practising in Poor and Minority Neighborhoods” 
PharmacoEconomics Supplement 3,  December 2006 
Many Dimensions of health, Disparities in health
status and health outcomes: In modeling, 
distinguishing among multiple dimensions is 
important
Recent Findings for Hospitals:  Darrell J. Gaskin and 
colleagues found
“…that when whites and minorities are admitted to 
the hospital for the same reason or receive the same 
hospital procedure, they receive the same quality of 
care. … 
“..risk-adjusted quality indicators for blacks, 
Hispanics, and Asians were not statistically worse 
than corresponding quality indicators for whites in 
the same hospital.”
Darrell J. Gaskin, et al. “Do Hospitals Provide Lower-Quality Care to 
Minorities than To Whites?”  in  Health Affairs 27, no. 2. March/April 2008 
Their suggestions for modeling: 
>More attention needs to be devoted to eliminating 
disparities in quality across hospitals rather than 
within hospitals.  
> when it comes to addressing within-hospital 
disparities in health outcomes, interventions should 
be targeted toward those hospitals that are lower-
performing as opposed to hospitals nationwide.
>….targeted interventions could be designed to 
address disparities in outcomes for specific 
conditions.
Modeling Change:   Recent Findings for Long Term 
Care  
>Change: From community-based to institution 
based;
Data from the National Center for Health Statistics 
reveal that:
“In 1985, elderly blacks were underrepresented in 
nursing homes compared to elderly whites (35 
compared to 48 per 1,000).  By 1995, this disparity 
had disappeared and by 1997, the residency rate 
among elderly blacks was significantly higher than 
for elderly whites (49 compared with 43 per 1000 
elderly whites). This trend continued through 1999.” 
(Centers for Disease Control and Prevention 2004, 
P. 2).” 
>Change:  Disparities within the configurations of 
source of community based care for more severely 
disabled (ADL limited) elders
1) average hours of care provided by caregivers 
from all sources to ADL limited-- the more 
severely disabled—elders increased;
2) Primary Informal Caregiver (PIC ) hours to those 
elders declined; 
and
3) the rate of decline in hours of care provided by 
PIC to ADL limited elders was larger for blacks than 
whites.
Whether this result from substituting paid for unpaid 
care has not been studied.
My analysis [manuscript] of data on hours of care 
received by ADL limited elders, in the 1989 and 
1999 waves of the National Long Term Care Survey: 
1Improving Access: 
Community Collaborations 




Jeff Spade, FACHE 
jspade@ncha.org 1
Improving Access Agenda
• The Burden of the Uninsured
“Of all the forms of inequality, injustice in healthcare is 
the most shocking and inhumane ”    .
Martin Luther King Jr.
• Policy Solutions Posed for North Carolina
• Community Based Care Networks Serving 
the Uninsured
• Concepts to Consider for Health Services 
Research and Healthcare Engineering
2
US Estimates of the Uninsured
January 2007 through September 2007 
• 43.7 million people or 14.7% of the population 
uninsured.
• Not a significant change from the 2006 estimate of 43.6 
million.
• The number of uninsured children under age 18 
remained the same, at 6.8 million for 2006 and for most 
of 2007.
1997-2007 CDC National Health Interview Survey
3
US Estimates of the Uninsured
4
US Estimates of the Uninsured
5
Growth of NC Uninsured
• More than 1.5 million non-elderly people in North 
Carolina who were uninsured (2006)
– More than three-fifths of the uninsured have low 
incomes (<200% of the federal poverty guidelines).
– Between 2000-2006, North Carolina experienced a 
larger increase in the numbers of uninsured, and 
larger decrease in employer based coverage than 
most of the country.
– Uninsured adults are not unemployed, with most 
working full time (52.2%). 6
2In 2005-2006... 
• There were 626,000 NC uninsured who worked full time. 
• 52 2 percent of the adult uninsured worked full time
The Unraveling Social Contract?
.         . 
• 18.1 percent of the adults working full time were uninsured. 
From 2001-2002 to 2005-2006... 
• There were 150,000 more NC uninsured who worked full time. 
• The percent of uninsured adults who worked full time 
increased by 6.5 percent 
• The percent of adults working full time who were uninsured 


















Estimates produced by the NC Insitute of Medicine and the Sheps Center for Health Services Research, UNC-Chapel Hill.  
9 10
11 12
3NC IOM 2006 Recommendations
1. Additional state funding to support and expand the healthcare 
safety net, to provide healthcare services to the uninsured.
2. Promotion of personal responsibility for leading a healthy lifestyle          
and the inclusion of healthy lifestyle promotion in state policies.
3. Development of a limited-benefit Medicaid expansion for low-income 
parents (78K uninsured covered).
4. Creation of a subsidized health insurance product targeted to small 
employers with 25 or fewer employees, low-income sole 
proprietors, and low-income individuals who had not previously 
offered health insurance coverage (33.5K uninsured covered).
5. Creation of a high-risk pool for individuals with pre-existing health 
conditions (18K uninsured covered).
13
Core Safety Net Healthcare Providers 
and Funding Sources
• Federally Qualified Health Centers
• Free Clinics
• State Funded Rural Health Clinics
• Public Health Departments
• Community Practitioner Program & Private Physicians
• Emergency Departments
• Other Safety Net Resources
• Medication Assistance Programs
• Dental Safety Net Programs
• Behavioral Health Programs
• Funding for Safety Net Infrastructure
14
































NCGA funds to expand services to uninsured (Comm. Health Ctr. grants). 







Govt $ 15 16
Primary Care Safety Net Not 
Sufficient to Meet All Needs
• In many NC communities, uninsured populations lack 
access to:




• Existing safety net resources not well integrated.
• Only 25% of NC uninsured received primary care 
services through safety net organizations in 2003.
• Nationally, less than half of the uninsured are aware of 
a safety net provider in their community. 17
Community Based Care Networks 
Serving the Uninsured
• Care+ShareNC Project
To facilitate community based care systems 
to improve the health of North Carolina’s low 
income and uninsured residents.
• Values and Guiding Principles
• Essential Elements
18
4Values and Guiding Principles
• Community collaborations will be:
– Collaborative (integrated) 
– Sustainable
– Patient-centered (patient focused)





Community Based Care Networks
1. Community projects should be collaborative
– Governance structure should include:
representatives from hospital, primary care 
providers, safety net providers, local health 
department, DSS, specialists, dentists, pharmacies, 
LME.
– Governance structure encouraged to include: 
schools, religious groups, community 
organizations, Area Health Education Centers 
Programs (AHEC), Healthy Carolinians, uninsured, 
and others. 20
Community Based Care Networks
2. Maintenance of effort (for ongoing efforts)
– Existing collaborations should maintain current 
l l f f di h h i i f di ieve  o  un ng, or s ow w y ex st ng un ng s no 
longer available.
– New funding can be used to expand existing efforts.
3. Outreach, eligibility and enrollment
– Uninsured should be screened for eligibility for 
public programs (Medicaid, SCHIP) or for available 
private insurance (employer-based coverage). 
21
Community Based Care Networks
4. Medical home. Project should strive to 
ensure that uninsured have access to a 
medical home with a primary care 
provider who will: 
– Provide medical care, including prevention, 
early detection, acute care, chronic disease 
management and referral to other providers 
(when necessary).
Definition of primary care provider adopted from CCNC primary care provider contract provisions.
22
Community Based Care Networks
5. Project should arrange for and help link 
patients to needed specialty care, ancillary 
services (x ray labs) hospital and - , ,   
pharmaceutical care.
– Services should be available for free or for a 
nominal price.
– Plans to expand access to other services (dental, 
behavioral health).
6. Disease/care management
– Projects should include disease & care 
management to help patients with chronic illnesses 
manage their health.
23
Community Based Care Networks
7. Patient centered.  The project should be patient and 
family centered.  Key concepts include: 
– Dignity and respect: Health care providers listen to and honor 
patient perspective and choices.
– Information sharing: Patients and their families receive 
information that is timely, accurate and understandable so that 
they can participate in decision making.
– Participation:  Patients and their families are encouraged and 
supported to participate in their care and decision making at the 
level they choose.
– Collaboration:  Patients are included in program and policy 
development.
Definition of patient and family centered adopted from Conway J, et. al.  Partnering with Patients and Families 
to Design a Patient- and Family-Centered Health Care System.  Robert Wood Johnson.  June 2006.
24
5Community Based Care Networks
8. Quality improvement 
– The project engages in quality improvement and 
service improvement efforts using evidence-based 
care.
– Can be in conjunction with CCNC disease 
management initiatives or other evidence-based 
models.
9. Reporting requirements, similar to a balanced 
scorecard, may include:
– Information on safety net activities to the NC IOM 
Safety Net website.
– Metrics on patients served, services provided, 
outcomes, quality and patient satisfaction.
25
Community Based Care Networks
10. Sustainable
Project should develop an ongoing business–       
plan to identify sources of funding or 
support that can help sustain the 




• Patients can access the full continuum of care.
• Providers participate in creating and maintaining the community 
based system.
• Patients flow seamlessly between all providers in the network.
• Members enrolled in the system or collaborative one time.
• Information flows between all providers.
• Shared IT system tracks utilization and measures outcomes.





– Grant Administration and Management
– Community Outreach and Development
– Technical Assistance/Operational Support
– Central Support Services
– Research & Evaluation
– Project Communication and Educational 
Services
– Administration & Advisory Board Support 28
Research and Engineering 
Concepts
• Improve system operation, effectiveness & efficiency.
• Organize process and outcome measures    .
• Develop significant system capacities, such as HIT, 
eligibility & enrollment, coordination of care, chronic 
disease management, evidence based practice.
• Patient engagement models.
• Create business case for system investments.
• Incorporate quality, reliability, safety and performance 
improvement. 29
1Access to Care and Health Disparity
NC State Engineering Health Care Symposium 
April 2008
F C bb P t Ph Day o  ay on, . .





? Access to Care
Indicators of access to care include the extent to which 
persons have a place they usually go for medical care, and 
whether persons receive their care in the right setting. 
? Health Disparity
The health resources and Services Administration defines health 
disparity as “population-specific differences in the presence of 
disease, health outcomes, or access to health care.[2]
2
Disparity in Health Care
? the percentage of persons with a usual place to go for medical care was 
77.0% for Hispanic persons, 88.6% for non-Hispanic white persons, and 
86.4% for non-Hispanic black persons. 
? Of the three race/ethnicity groups, Hispanic persons were least likely to 
have a usual place to go for medical care. 
percentage of persons of all ages with a usual place to go for medical 
care, Jan–Sep 2007
3
Disparity in Health Care
? 6.5% of Hispanic persons, 5.5% of non-Hispanic white persons, and 6.4% 
of non-Hispanic black persons were unable to obtain needed medical care 
due to cost at some time during the year preceding the interview. 
? Hispanic persons and non-Hispanic black persons were more likely than 
non-Hispanic white persons to have lacked access to medical care due to 
cost. 
percentage of persons of all ages who failed to obtain needed medical care 
due to cost at some time during the past 12 months, Jan–Sep 2007
4
Disparity in Health Care
? Hispanic children are nearly three times as likely as non-Hispanic 
White children to have no usual source of health care.
? African Americans and Hispanic Americans are far more likely to rely           
on hospitals or clinics for their usual source of care than are white 
Americans (16 and 13 percent, respectively, v. 8 percent).
? African-American diabetics are 7 times more likely to have amputations 
and develop kidney failure than white diabetics.
5
Disparity in Health Care
? When compared to whites, the minority groups such as African Americans, 
Native Americans, Asian Americans, and Latinos have higher incidence of 
chronic diseases, higher mortality, and poorer health outcomes. Minorities 
also have higher rates of HIV/AIDS and infant mortality than whites.          
? Former U.S. Surgeon General David Satcher, MD, estimated that nearly 
84,000 deaths could be prevented each year if U.S. eliminated the gap 
in mortality between black and white Americans.
? Blacks, Hispanics and other groups less likely to get strong pain medications 
in hospital emergency.
6
2Causes of Health Disparity
? There are many factors that can causes the health disparities 
between ethnic and racial groups.
The personal, socioeconomic, and environmental characteristics of 
different ethnic and racial group
The barriers certain racial and ethnic groups encounter in trying to enter 
the health care system
The quality of health care different ethnic and racial groups receive
7
? Lack of insurance coverage
? Lack of a regular source of care
Disparities in access to health care
Reasons for disparities in access to health care can 
include the following:
? Lack of financial resources
? Legal Barriers






To eliminate disparities, the efforts should be made on:
? Understanding the reasons that disparities in health care exist by continuing 
to incorporate research
? Identifying and implementing effective strategies to eliminate disparities       
? Continuing to boost data collection
? Working closely with communities to make sure the research is relevant to 
them
? Evaluating the importance of cultural competence to health disparities




1.          Addressing Racial and Ethnic Health Care Disparities, Nation Academy of Sciences, 2005
2.          January-September 2007 National Health Interview Survey
3.          Goldberg, J., Hayes, W., and Huntley, J. "Understanding Health Disparities." Health Policy Institute of 
Ohio (November 2004)
Internet Citation:
4.          Blacks, Hispanics and Other Groups Less Likely To Get Strong Pain Medications in Hospital Emergency 
Departments. Press Release, January 1, 2008. Agency for Healthcare Research and Quality, Rockville, 
MD. http:www.ahrq.gov/news/press/pr2008/opioiddippr.htm
5.          AHRQ Focus on Research: Disparities in Health Care. AHRQ Publication No. 02-M027, March 2002. 
Agency for Healthcare Research and Quality, Rockville, MD. 
http://www.ahrq.gov/news/focus/disparhc.htm




Mark Lawley, Principal Investigator 
Kumar Muthuraman, University of Texas
Laura Sands, Purdue School of Nursing
DeDe Willis, MD, Indiana University School of Medicine         
Ayten Turkcan, Research Scientist, Purdue
Po-Ching DeLaurentis, Research Assistant, Purdue
Rebeca Sandino, Research Assistant, Purdue 
Ji Lin, Research Assistant, Purdue
Santanu Chakraborty, Research Assistant, Purdue
Joanne Daggy, Research Assistant, Purdue
Bo Zeng, Post-doc, Purdue
Funding: National Science Foundation, $460K, Regenstrief Foundation $395K
Partnering Clinics
Wishard Health Services
– Cottage Corner Health Center (low income)
– North Arlington Health Center (low income)     
Community Physicians of Indiana
– Giest Family Medicine and Pediatrics (mid. 
class)
• In the US, almost 90% of patient care provided in the 
approx. 200,000 non-psychiatric outpatient clinics
• Pressures for improving clinic operations
A i l ti
Clinical Scheduling
– g ng popu a on
– Increased chronic disease
– Hospitals to reduce LOS




– Revenue / Reimbursement
• Project thrust
– Study and improve internal clinic operations 




• General service time distributions
– Implement in real systems and validate 
impact
• Why is patient scheduling complex?
– High patient no-show, cancellation, walk-in
– Tardy arrivals (patients and physicians)
– Stochastic, patient dependent service times
– Sequential schedule construction  
– On-call physicians
– Physician constraints
– Many others …
• Patient no-show
– Ubiquitous problem in clinical operations
– Can be 40-50% for some types of clinics
Approx 20% for our partners– .    
– Can be modeled and used in scheduling
– No show prob. can be estimated using  
• patient history, diagnosis, demographics, 
medications
• lead time to appointment, 
• exogonous factors such as weather, public transp.  
2Sequential Scheduling Process
• Patient calls clinic for appointment with physician
• Scheduler looks at the current schedule, negotiates with patient, adds the 
patient to a “slot” (we would add estimate no-show prob.)
• Couple of days in advance, clinic might call to remind the patient
• Patient is expected to but might not arrive at appointed time   ,   ,    .
• Note that schedules are built incrementally, patient by patient. 
• Information used is current schedule (plus no-show prob) 
• No opportunity to “optimally” schedule final set of patients.
• How can we create good sequential schedule that takes patient no-show 
into account?
I slots in a consultation day
J patient types, pj probability of patient no-show 
Xi denotes the number of patients arriving at beginning of slot i
Y number of patients overflowing out of slot i
Slot Model
i        
Li number of patients served in slot i, initially assumed Poisson
R(Sn) overflow probability matrix
Q(Sn) arrival probability matrix
Slot Model
Objective   max E[ r Σi Xi - c Σi Yi - C YI ]
Myopic scheduling algorithm
Unimodal Profit Function Unimodal Schedule Evolution
3General Service Times
• Overflow implies patient in service overflowing 
from one slot to next.
• Must include time in service in previous slot       
• Distribution of Li takes more general form that 
requires numerical integration
Unimodularity continues to hold
• Optimal Sequential Schedule: Dynamic Programming
( , 1) (1 ) ( , 1)
( ) i nn
pV s t p V s t acception
V t
β β
β δ+⎧ ⎫+ + − +⎨ ⎬
Non-myopic approaches for sequential 
scheduling
• Add simple forecasting to the previous assignment 
algorithm
,
( , 1)n n
s
V s t rejectionβ
= +⎩ ⎭
Improvement over myopic up to 12%
Small System with 4 slots and 2 patient types
Next Steps
• Continue clinic process mapping, operational data 
collection, simulation – seeking opportunities to improve
• Make suggestions to improve clinic operational 
ffi i h l i l te c ency, e p mp emen
• Continue no-show modeling efforts
• Continue developing sequential patient scheduling 
theory and algorithms
• Begin working with scheduling software vendors
Publications
– Muthuraman, K., Lawley, M. A stochastic overbooking model for outpatient 
clinical scheduling with no-shows. To appear in IIE Transactions Special Issue on 
Healthcare 
Submitted and Working papers
– Chakraborty, S., Muthuraman, K., Lawley, M. Sequential clinical scheduling with 
l i ti d h ti t O ti R hgenera  serv ce mes an  no-s ow pa en s, pera ons esearc .
– Zeng, B., Turkcan, A., Lin, J., Lawley, M., Clinic scheduling models with 
overbooking for patients with heterogeneous no-show probabilities, Annals of 
Operations Research.
– Turkcan, A., Zeng, Muthuraman, K., Lawley, M., Sequential clinical scheduling 
with moment-based constraints, in preparation. 
– Daggy, J., Sands, L., Lawley, M., Willis, D. The impact of no-show probability 
estimation on clinic schedules, in preparation.
– Lin, J., Muthuraman, K., Lawley, M. An Approximate Dynamic Programming 
Approach to Sequential Clinical Scheduling, in preparation.
Poster Next Door
4What are the short-comings?




Purdue Statewide Regional 
Campus Collaborative
? Interdisciplinary collaborative of Engineering, Technology 
and Clinical Faculty from Purdue Statewide Campuses
? Focus on partnership with hospitals and healthcare 
providers to provide facilitation in application of systems 
©LSSHC, 2006 used with permission
engineering methods to enable sustainable change
? Over 40 projects completed, 5 on-going, 23 hospitals, 9 
hospital systems
? 83% implementation rate
? 81% of implemented projects sustained at 9-12 months

























VA COE on Implementing Evidence-based 
Practices (CIEBP)
? Mission: To advance the science of 
transforming the health care system, both 
within and outside the VA health care 
system
©LSSHC, 2006 used with permission
. 
? Vision: Become the leading national 
research center for learning about health 
system transformation 
? Strategy: Partner with managers, clinicians 
and other researchers in interdisciplinary 
teams to improve healthcare practice 
4
Research Working Groups & 
Strategic Initiatives
? Patient Safety
? Cancer Care Engineering & Improvement
? Stroke QUERI 
? Symptom Epidemiology & Care
©LSSHC, 2006 used with permission
? Assertive Community Treatment (SMI)
? Transformational Change 





Translating Research into 
Practice - TRIP
? “The translation of research findings into 
sustainable improvements in clinical 
practice and patient outcomes remains a 
substantial obstacle to improving the
©LSSHC, 2006 used with permission
     
quality of health care.” - ARHQ
6
2Rubenstein, Pugh Model for TRIP
©LSSHC, 2006 used with permission Rubenstein & Pugh, JGIM 2006; 21:S58-64
7
View on Requirements for 
Systems Transformation
? Three concepts central to system 
transformation:
? Integration: training, aligning reinforcements with new 
©LSSHC, 2006 used with permission
behaviors, or assigning responsibilities
? Sustainability: maintaining gains in safety and quality 
as well as maintaining support for change
? Spread: requires supportive infrastructure for sharing 
successful redesign experiences 
Wang et al. Redesigning health systems for quality: 




? Estimated 30% of all medical errors occur 
during medication delivery processes
? Average litigation expense = $680 000
©LSSHC, 2006 used with permission
    ,
? Technology available to prevent errors:
? BCMA – Bar Code Medication Administration
? Pyxis – Automated Medication Delivery
? Infusion (Alaris) pumps – regulates IV flow 
9
BCMA Background
? BCMA introduced to reduce medication 
errors in 1999
©LSSHC, 2006 used with permission
? Bypassing / workarounds persist
? 94 incidents since 10/2002






©LSSHC, 2006 used with permission
Steps per patient:  181 steps
Attempts:  3.3
Total time per patient: 18 mins
Supply time per patient: 9 mins
Med administration time: 9 mins
PyxisArea
11
Med/Isolation Carts – Current State
©LSSHC, 2006 used with permission
12





Brings PCA pump to
floor
#7. Nurse gets patient
chart
#1 Order received for
PCA pump med delivery
Room 875






#2 Nurse call supervisor




#4. Nurse goes to pyxis to
get medication







14 minutes in the life of a Pharmacy Tech












IT impact on processes…
GUI Launch:
+ 1 hour total ED lab 
Turn Around Time
Avg Daily Time to process ED STAT lab specimens 
1/1/05-5/9/05  

























































































































































































































































? Intensive Glycemic Control (80-110 mg/dl) has 
been shown to reduce mortality morbidity in 
critically ill patients.
©LSSHC, 2006 used with permission
? Components include:
? Frequent glucose monitoring – 4 hours in critically ill 
patients
? Continuous infusion of insulin and glucose





? Example spaghetti diagram for glycemic 
control process:
Rm1 Rm5











©LSSHC, 2006 used with permission
18
4Intensive Glucose Control 
Implementation
©LSSHC, 2006 used with permission
Implementation 2/06
19
% of glucose specimens within
guidelines by week, 2/1-6/30/2006
©LSSHC, 2006 used with permission
20
Everyone doing his best is not the answer.
Everyone is doing his best.
©LSSHC, 2006 used with permission
-W. Edwards Deming
Forward, The Deming Management Method
21




? Use of scientific evidence to guide practice 
and improve the quality of healthcare
? “Integration of practice changes through
©LSSHC, 2006 used with permission
     
EBP can be complex…”(Titler, 1999)
? Education is necessary, but not sufficient to 




? Clinical Practice Bundles
? “a structured way of improving the processes of care 
and patient outcomes: a small, straightforward set of 
practices - generally three to five - that when
©LSSHC, 2006 used with permission
     ,  
performed collectively and reliably, have been proven 
to improve patient outcomes.”
? IHI – Institute for Healthcare Improvement
? IHI.org
? 100,000 lives campaign
? 5 million lives campaign
24
5Ventilator Associated Pneumonia 
(VAP bundle)
? Ventilator Associate Pneumonia Bundle
? Head of bed elevation 30-45o
D il t f i
©LSSHC, 2006 used with permission
? a y assessmen  or wean ng
? Peptic Ulcer Disease (PUD) Prophylaxis
? Deep Vein Thrombosis (DVT) Prophylaxis
25
VAP Bundle Implementation
©LSSHC, 2006 used with permission
What does this process 
look like at week 15?
26
Sustainability
©LSSHC, 2006 used with permission
What 
happened?
Woodward-Hagg, H., El-Harit, J., Vanni, C., Scott, P., (2007). Application of Lean Six Sigma Techniques to Reduce Workload Impact During 
Implementation of Patient Care Bundles within Critical Care – A Case Study. Proceedings of the 2007 American Society for Engineering Education 




- No VAP on unit since Feb 2006
- Decrease in # of vent days 6.2?4.8 days
©LSSHC, 2006 used with permission
        
- Decrease in ICU LOS 6.3 ? 5.7 days
28





©LSSHC, 2006 used with permission
* Repenning, N. and J. Sterman (2001). Nobody Ever Gets Credit for Fixing Defects that Didn't Happen: 
Creating and Sustaining Process Improvement, California Management Review, 43, 4: 64-88  
Systems Engineering:
- Improve Process Reliability
- Reduce Reliability Erosion Rate
29
The “Work Harder” Loop
©LSSHC, 2006 used with permission
30
6The “Work Smarter” Loop
Process
Reliability
S i t h i l M d l
Reliability




oc o- ec n ca  o e
PARiHs Model
31
The “Work Smarter” Loop
Process
Reliability






What factors impact Diffusion of 
Innovations? [1]
1. Perceived Benefit - organizational and personal
2. Compatibility with existing systems, values, beliefs, current needs
3. Simplicity – Simple innovations spread faster than complicated ones
©LSSHC, 2006 used with permission
       
due to the role of adaptation in spread of innovation. 
4. Trialability – Changes should be tested and verified prior to full 
implementation.
5. Observability – Tests of change should be conducted in such a way 
so as to be readily observable by other ‘early adopters’. 
[1] Berwick DM. Disseminating innovations in health care.  JAMA. 2003 Apr 16;289(15):1969-75
33
©LSSHC, 2006 used with permission
34
QI Methods
“ h k h l l
©LSSHC, 2006 used with permission
I t in  t at peop e expect mirac es….management 
thinks that they can just copy from Japan….
but they don’t know what to copy…”





©LSSHC, 2006 used with permission
*Langley GL, Nolan KM, Nolan TW, Norman CL, Provost LP.














































Barriers PDSA PDSA PDSA
38
Key Factors for Lean Tool 
Application to Healthcare
? Focus on enabling the cultural transformation, 
rather than building technical skills
? Simplify, Simplify, Simplify
R i i di t li ti
©LSSHC, 2006 used with permission
? equ re mme a e app ca on
? Use readily accessible materials
? Use Healthcare terms and examples rather than 
those from Lean Manufacturing
? Facilitate through repeated applications of tools 
for at least 2 additional cycles
39
Lean Tools
©LSSHC, 2006 used with permission
40
Workflow Analysis
Workflow analysis is used to:
1. Baseline existing clinical processes prior to 
the improvement cycle
©LSSHC, 2006 used with permission
2. Validate process outputs following 
improvement
? Workflow analysis includes qualitative and 
quantitative assessments of work 
processes.
41
Tools for performing 
workflow analysis…
? Current State Process Maps
? Checksheets
©LSSHC, 2006 used with permission
? Process Observation Worksheets
? Spaghetti Diagrams




















At R di l
Yes

























©LSSHC, 2006 used with permission
How many 
people can fit in 
a 16x20 room?
45
Lean Simulation Exercises  
Lean
Woodward-Hagg, H., Scachitti, S., Workman-Germann, J., Suskovich, D., Vanni, C., Schwartz, J., 
Hudson, B., (2007).  Adaptation of Lean Methodologies for Healthcare Applications. Proceedings of 
the 2007 Society for Health Systems Conference, IIE, New Orleans, LA, February 2007.  
46
Basic Lean Exercise
©LSSHC, 2006 used with permission
47
Basic Lean Exercise
©LSSHC, 2006 used with permission
48
9Apply Lean Tools
? Apply Lean Tools to reduce or 
eliminate waste
? 5S
©LSSHC, 2006 used with permission
? Visual Controls









? Availability of equipment and supplies
? Isolation Signs
©LSSHC, 2006 used with permission
? Patient Transportation Processes
? Environmental Services Processes
? Significant gaps in behavioral intent
51
Isolation Sign - Clarian



















































©LSSHC, 2006 used with permission
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10




©LSSHC, 2006 used with permission
56
MRSA Admission Culture 
Compliance
©LSSHC, 2006 used with permission
57
The Research Imperative
we have witnessed recent [QI] initiatives that emphasize
©LSSHC, 2006 used with permission
…  ….       
dissemination of innovative but unproven strategies, an approach 
that runs counter to the principle of following evidence in 
selecting interventions that meet quality and safety goals…”
-Auerbach, Landefield NEJM 2007 357;6 
58
Questions?
©LSSHC, 2006 used with permission
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1Improving Healthcare Supply 
Chains & Logistics
By  Ronald L. Rardin, White Distinguished Professor of IE, and
Director – Center for Innovation in Healthcare Logistics
University of Arkansas, Fayetteville  (http://cihl.uark.edu)
Healthcare Engineering Symposium





Center for Innovation in
Healthcare Logistics (CIHL)
• An industry-university partnership leading a 
nationwide effort to identify and foster systemic 
adoption of ground-breaking healthcare supply 
chain and logistic innovations
O t th f M h W l M t HIT C ti• u grow  o  arc  a - ar   onversa on
• Led from University of Arkansas - Fayetteville
• Current sponsors including Wal-Mart, regional Blue 
Cross Blue Shields, VHA hospital network, Procter & 
Gamble , IBM and AHRMM
• Began operations in May 2007 with sustaining funds 
for initial level of activity through five years









• Julie Ann Braden
• Angelica Burbano
• Josh Eno




















































2Why Logistics & Supply Chains
• Supply chains are biggest cost after personnel (at least 
$11B savings, 40%+ of hospital spend)
• Overlapping providers, inadequate end-to-end 
collaboration
• Pervasive under-investment in IT
– Particularly transparency technologies (barcoding, RFID)
• Unnecessary confusion and unreliability
– About identity, availability, procurement, and location
– Wrong products or delays create patient safety risks
– Wasteful caregiver “foraging” diminishes time with patients
• Long-term, rural & ambulatory care are poorly 
understood and under-investigated




Increasing Patient Safety Through Unit-Dose 
Medications
? The Challenge: Medications are typically distributed by 
manufacturers in bulk, but to increase patient safety, they are often 
administered  to in-patients in unit-doses and to home patients in 
smaller bulk containers.  Frequently the implied repackaging and 
labeling is done manually or at least with considerable manual 
intervention. 
? Opportunities for Research:
• Determine the most economical and reliable automated manner 
to repackage bulk medications to unit-doses in healthcare 
institutions of varying size.
• Determine the overall potential for dose-pack solutions where 
medications for home use are distributed in time-phased 
packaging showing intended consumption over the       
prescribed period.
9











• The Challenge: Healthcare 
supply  chains are unusually 
complex with many 
overlapping players
• Opportunities for Research: 
Adapt findings of supply chain 




Identifying Opportunities for Cost and Quality 
Improvements in Healthcare Logistics
? The Challenge: As healthcare costs continue to rise, there is a 
lack of clear understanding of achievable cost and quality 
improvements in various parts of the delivery system. Healthcare 
supply chains in particular are believed to be highly inefficient and 
expensive, but the magnitude of potential cost and quality gains is 
not well documented. 
? Opportunities for Research:  Classify the sources of inefficiency 
within the healthcare supply chain, identify key elements of the 
value stream within the supply chain, develop a set of quality 
indicators, and quantify the potential gains.
11
Dock-to-Patient Hospital Supply Chain
Digitalization 
? Challenge: Medical and surgical material handling from hospital 
receiving to the point of care is often fragmented, low tech, and ad 
hoc. This leads to inconsistent procurement and inventory control on 
the floors & wings, including unnecessary stockouts & 
outdates/obsolescence, plus excessive staff time spent foraging for 
materials.
? Opportunities for Research: Investigate how digital 
technologies familiar in retail inventory and stock 
management settings can be cost-effectively adapted to 
automate dock-to-patient material tracking and inventory 
management.
12
3Procedure Pack Supply Chains and 
Customization
? The Challenge: Hospital supply chains use pre-manufactured 
procedure packs for medical interventions such as operating 
procedures and ambulatory surgeries. Each is a collection of 
expendable medical supplies configured for a specific procedure, 
and sometimes for a specific physician.  The challenge is to select 
the minimal set of preconfigured supplies and packs while assuring 
all materials are available when needed. 
? Opportunities for Research
• Investigate the re-engineering of surgical supply chains to 
utilized more standardized procedure packs
• Document potential cost and safety savings from procedure 
pack innovations 
13
Logistic Support of Rural and Home Care
• The Challenge: Large parts of the United 
States lack access to physicians and full 
service hospitals.  Furthermore, more and 
more healthcare is likely to migrate to being 




• Opportunities for Research: Identify cost-
effective ways to deliver needed healthcare 
materials to low-density remote or home settings 
including
• Risk pooling of inventories for small clinics
• Routing of deliveries and personnel in rural 
and home-care settings
• Managing supply chains for biological 
samples, imaging, and lab results
What It’s Not About
• Logistics and supply chain research in 
healthcare does not need to wait for policy level 
decisions about payment systems, etc.
– These do affect the available investment funds
– But the basic opportunities remain everywhere
• Although there are obvious connections, the 
work is mostly not about medicine and clinical 
practice
– It’s about operations -- different from other industries 
but sharing many of the same challenges
15
1Design and Operation of Surgery 
Delivery Systems: Open 
Problems
Brian Denton, PhD
Edward P. Fitts Department of Industrial & Systems Engineering
North Carolina State University
April 8, 2008




Hari Balasubramanian (Mayo Clinic)
Angela Bailey (Mayo Clinic)
Bjorn Berg (Mayo Clinic)
Todd Huschka (Mayo Clinic) 
Heidi Nelson (Mayo Clinic)
Ahmed Rahman (Mayo Clinic) 
Ayca Erdogan (NC State)
Jill Iser (NC State)
John Fowler (Arizona State)
Andrew Miller (University of Wisconsin)
Andrew Schaefer (University of Pittsburgh)
Project Overview
• Objective: Develop new 
engineering models and 
methods to improve 
efficiency of surgical care 
delivery
• Challenges: Changing 
mix of surgery types   , 
uncertain surgery times, 
unpredictable add on 
cases, multiple and 
competing performance 
measures






• Patient Intake: administrative 
activities, pre-surgery exam, 
gowning, site prep, anesthetic
• Surgery: incision, one or multiple 
procedures, pathology, closing
• Recovery: post anesthesia care unit 
(PACU), ICU, hospital bed
Intake Surgery Recovery
Complicating Factors
• Many types of “resources”: surgeons, 
anesthesiologists, nurses, ORs, equipment, 
materials
L b f ti iti t b di t d i• arge num er o  ac v es o e coor na e  n 
a highly constrained environment
• Fixed time to complete activities
• Uncertainty in daily mix of surgeries, urgent 
add-on cases, and duration of activities
• Many competing criteria
Open Problems
• Optimal design of a surgical suite 
? Number of ORs vs PACU beds
? Layout to minimize wasted travel time
? Reconfigurable systems
• Medium range planning  
? Urgent and emergent vs. elective cases
? Staffing decisions
? Equipment investment
• Short range scheduling
? Day of surgery schedule design
? Case cancellations
? OR closure decisions
2Optimal Design
• Design decisions are one-time decisions with 
cost implications for years to come
• There are many feasible design options 
Systems engineering models can be used to 
test alternative designs under different 




























• How many and what type of recovery beds?



















• Planning involves resource allocation in 
advance of the week, month, or year of 
surgery. 
• Planning decisions must tradeoff many 
sources of uncertainty
Systems engineering models leverage large
data sets to manage uncertainty.
Raw Materials – Process Map Raw Materials - Detailed Data
Instance_ID Location Room Proc Endoscopist Primary Nurse Appt 
Time
Pt. Status Status time.
00001 Bld 250 Colon Dr.X Nurse Y 12/6/05 
7:30 
WAITING 7:27 
00001 Bld 250 Colon Dr.X Nurse Y 12/6/05 
7:30 
CHECK_IN 7:42 
00001 Bld 250 Colon Dr.X Nurse Y 12/6/05 
7 30
HOLDING 7:47 Intake:  
00001 Bld 250 Colon Dr.X Nurse Y 12/6/05 
7:30 
ROOMING 7:47 
00001 Bld 250 Colon Dr.X Nurse Y 12/6/05 
7:30 
MD_IN_ROOM 8:04 
00001 Bld 250 Colon Dr.X Nurse Y 12/6/05 
7:30 
INTUBATION 8:10 
00001 Bld 250 Colon Dr.X Nurse Y 12/6/05 
7:30 
EXTUBATION 8:23 
00001 Bld 250 Colon Dr.X Nurse Y 12/6/05 
7:30 
BEDDED 8:28 
00001 Bld 250 Colon Dr.X Nurse Y 12/6/05 
7:30 
DISCHARGED 9:04 





































































The impact of reducing 
turnover times for ORs 
on all performance 
measures is limited to 
staffing scenarios in 
which endoscopists 
have 1 or 1.5 ORs.
• Policy Decisions: are 
their economies of scale 
associated with large 
endoscopy suites?
Appointment Scheduling
• Appointment scheduling systems are at the 






Systems engineering models provide a quantitative
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• Heterogeneous patient scheduling systems
• Policies related to scope and scale
• Triage based capacity reservation 
R fi bl h l h d li• e-con gura e ea t  care e very 
systems
A culture of efficiency is necessary to translate





Th I t f f H lth S i R h de n er ace o  ea  erv ces esearc  an  
Healthcare Engineering
Five Questions to Guide Discussions
• What do we have in common?
• What is our common agenda?
• How can we collaborate?
• How do we impact healthcare?
• What are the action items?
What do we have in common?
• Shared understanding of problems with the current 
healthcare system?
– disparity of services to the medically indigent
improved service distribution–   
– improved quality
– elimination of inefficiency




– better organization of services
What do we have in common?
We are in agreement with:
– Committee on the Cost of Medical Care – 1932
– National Health Conference – 1938
– National Health Assembly – 1948
– President’s Commission on the Health Needs of the 
Nation – 1952
– White House Conference on Health - 1965
What do we have in common?
• Common assets – unparalleled depth of 
expertise
• Common approach - belief in data based 
l d d i iana yses an  ec s ons
• Potential to share complementary research 
methodologies
– identification and validation of issues of importance 
– integration of multiple variables into system analyses
– clinical trials and hypotheses testing 
– modeling 
What do we share in common?
• Frustration with implementation of research findings
• Academic time
• Competing incentives
– academic scholarship and incentives
– impact
• Hubris
2What do we have in common?








What is our common agenda?
• How do we assure the relevance of our research?
– transition from importance to subject to impact
• How will we implement and evaluate our research to 
demonstrate its valuing in achievement of the IOM six 
aims?
• Once evaluated, how will we disseminate our research 
findings to enable rapid implementation and impact?
How can we collaborate?
• In interdisciplinary teams
• Must overcome the problems of interdisciplinary 
research
– language
– discipline specific theoretical constructs
– discipline specific research design and methodologies
• Applied research
– research questions defined by operational / policy need
– relevant to operations / policy problem solving
– must pass the “so what” test – has my research had a 
demonstrable impact on achievement of the IOM 6 aims?
How can we collaborate?
• Expedite research cycle
– parallel versus sequential theory testing and model development
– multi-site replication to test reliability
How can we collaborate?
• Universities must address barriers associated with 
discipline orthodoxy
t l d iti f j l– con ro  an  recogn on o  ourna
– standards of scholarship
– career channels
– discouragement of students with applied orientations
How do we have impact on healthcare?
Involve healthcare to:
• define research questions – relevance
• participation in research – domain/environment expertise
• interpretation of research findings – mutual cooptation
• implement and evaluate research findings
– effectiveness
– sustainability
• a priori plan for dissemination of findings 
3What are the action items?
• NSF challenge
• USF lead 
• Parallel to VERC
• Challenge ourselves to perform against the “so what” 
test
• Joint funding of 5 competitively awarded grants 
at $250,000 each to multidisciplinary teams of 
faculty willing to address one of 5 issues 
identified by leaders in of healthcare delivery –
no students
• Healthcare leaders commit their organizations 
as living laboratories and participate through 
research, implementation and evaluation
• Agency and healthcare leaders award grants 
based upon respondents likelihood of resolving 
issue, ability to disseminate research findings, 
and achieve IOM 6 aims - impact
• Follow an aggressive schedule
– identify issues by June 30, 2008
– select teams by August 30, 2008
– joint report (researcher / healthcare provider) of findings, 
implementation and evaluation at 2nd Annual Healthcare 
Engineering Symposium
– P4P grant award
• Successful grant awardees receive a second grant of 
$100,000 to evaluate sustainability of research of 
another research project at 3rd Annual Healthcare 
Engineering Symposium
• Goal – demonstration of an effective system of effective 
Healthcare R&I – research and impact.
• The question is not how can HSR and HCE interface, but 
how will research collaborate with healthcare to delivery 
impact?
• Absolute confidence in the success of this collaboration 
and the resulting improvement of healthcare delivery and 
attainment of the IOM 6 aims
• Thank you participants for outstanding contributions, and 
NCSU, NC A&T, and UNC insightful organization of the 


































































patients that can be served on any given day.
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19 Tung Le Purdue University School of Industrial 
Engineering
Kenya Nutrition Distribution System HIV patients and their families in Kenya receive nutritional
supplements from the Academic Model for the Prevention
and Treatment of HIV (AMPATH) nutrition program to
complement medication in order to fight the disease.
However, the number of the people enrolling in the
program has been increasing dramatically, taxing manual
recording systems and the Kenyan infrastructure to keep
pace. As a result, a computerized nutrition distribution
system is needed in order to record the patients’ nutritional
information for later academic research and support the
distribution of food to patients in the right amount and at
the right time. In this project, IE skills have been applied










Name Affiliation Street1 Street2 City State Zip Email
Kathleen Diehl University of Michigan 3306 CCC 1500 E Medical Ctr. Dr. Ann Arbor MI 48109‐0932 kdiehl@umich.edu
Jennifer Wu Duke University Duke University, Dept Ob/Gyn Box 3192, 236 Baker House, Trent Drive Durham 27710 jennifer.wu@duke.edu
LaKausha T. Simpson North Carolina A&T State University Ltsimp@ufl.edu
Husniyah NC A&T SU husniyah@gmail.com
Ali Tafazzoli North Carolina State University ZZ atafazz@ncsu.edu
Jeff Fabri Univ of South Florida 12901 Bruce B Downs Blvd. MDC Box 41 Tampa FL 33612 pfabri@health.usf.edu
Kristin NCSU ‐ College of Textiles Box 8301, TATM NCSU Raleigh NC 27695 kristin_thoney@ncsu.edu
Nilay University of North Carolina at Chapel Hill nilay@unc.edu
Molly Purser North Carolina State University 400 Daniels Hall Campus Box 7906 Raleigh NC 27513 mpurser@nc.rr.com
Steve Roberts NC State University 400 Daniels Hall ‐ Box 7906 111 Lampe Drive Raleigh NC 27695‐7906 roberts@eos.ncsu.edu
Reza NC State University ryaesou@ncsu.edu
Anita Norht Carolina State University niter@nc.rr.com
Lauren Davis NCAT 1601 East Market Street 404 McNair Hall Greensboro NC 27411 lbdavis.ncat@gmail.com
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